UNCLASSIFIED 


AD  NUMBER 


AD281712 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


EROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  M<ay  1962. 
Other  requests  shall  be  referred  to 
Aeronautical  Systems  Div. , 

Wright-Patterson  AFB,  OH  45433. 


AUTHORITY 


RADC  Itr,  26  Jul  1963 


THIS  PAGE  IS  UNCLASSIEIED 


I 


l>4f  thi 

ARMED  SERVICES  TECHNICAL  INFDRHAnON  AGENCY 
ARLINGTON  HALL  STATIC 
ARLINGTON  12,  VIRIRNIA 


UNCLASSIFIED 


NOTICE:  When  ^lovexoment  or  other  dravlngs,  speci¬ 
fications  or  other  data  are  used  for  any  puzpose 
other  than  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  idiatsoever;  and  the  fact  that  the  Gtovem- 
juent  may  have  foxnulated,  furnished,  or  in  aqy  my 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rl^ts 
or  petmisslon  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  vay  be  related 
thereto. 


ASD-TR-61.713 

is 

00 

CM 


281712 


Wliii"n' 


RESEARCH  ON  THE  BASIC  NATURE  OF  STRESS  CORROSION 
i  '  FOR  VARIOUS  STRUCTURAL  ALLOYS  AT  ROOM  AND 

ELEVATED  TEMPERATURE 


i; 

1. 

■  4^- 

-'"X 


c 

L- 

C 

t' 


)■  .  . 
C.-' ' 


TECHNICAL  REPORT  No.  ASD-TR-61.713 


MAY  1962 


)  ,1 
1  ’ 


/  1 


DIRECTORATE  OF  MATERIALS  AND  PROCESSES 
AERONAUTICAL  SYSTEMS  DIVISION 
AIR  FORCE  SYSTEMS  COMMAND 
WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO 


Project  No.  7^1.  Task  No.  735106 


(Prepared  under  Contract  No.  AF  33(616)-7612 
by  Armour  Research  Foundation,  Chicago,  Ill. 
Frank  A.  Crossley,  author) 


NOTICEIS 


When  Government  drawings,  specifications,  or  other  data  are  used  for  an7 
purpose  other  than  in  connection  with  a  definitely  related  Government  procure¬ 
ment  operation,  the  United  States  Government  thereby  incurs  no  responsibility 
nor  any  obligation  whatsoever;  and  the  fact  that  the  Government  m^y  have 
formulated,  furnished,  or  in  any  way  supplied  the  said  drawings,  specifications, 
or  other  data,  is  not  to  be  regarded  by  implication  or  otherwise  as  in  any 
manner  licensing  the  holder  or  any  other  person  or  corporation,  or  conveying 
any  rights  or  permission  to  manufacture,  use,  or  sell  any  patented  invention 
that  may  in  any  way  be  related  thereto. 


Qualified  requesters  may  obtain  copies  of  this  report  from  the  Armed 
Services  Technical  Information  Agency,  (ASTIA),  Arlington  Hall  Station, 
Arlington  12,  Virginia. 


This  report  has  been  released  to  the  Office  of  Technical  Services,  U.S. 
Department  of  Commerce,  Washington  25,  D.C.,  for  sale  to  the  general  public. 


Copies  of  this  report  should  not  be  returned  to  ttie  Aeraoautlcal  Slystems 
Division  unless  return  is  required  by  security  eonsideratlons,  contractual 
obligationa,  or  notice  on  a  specific  document. 


4M  -  Mr  iHs  -  k  ins 


FOREWOBQ 


This  report  was  prepared  hy  Armour  Reseeo'ch  Foundation,  Chicago, 
Illinois,  under  USAF  Contract  No.  AF  The  contract  was 

initiated  under  Project  No.  7331.  "Metallic  Materials,"  Task  No. 
735106,  "Behavior  of  Metals."  The  work  was  administered  under  the 
direction  of  Directorate  of  Materials  and  Processes,  Deputy  Commander/ 
Technology,  Aeronautical  Systems  Division,  V/right-Patterson  Air  Force 
Base,  Ohio.  Lt.  R.  T.  Ault  was  the  project  engineer. 

This  report  covers  work  done  from  15  October  i960  to  I4  December 

1961. 


Armour  Research  Foundation  personnel  v/ho  made  major  contributions 
to  the  program  were:  F.  A.  Crossley,  project  leader;  T.  Niemcyzk, 
project  technician;  B.  J.  Steng,  project  technician;  H.  Sheriff,  tech¬ 
nician,  Creep  Test  Laboratory;  J.  R.  Dvorak,  metallographer:  and  R.  F. 
Dragen,  metallographer.  The  data  reported  herein  are  recorded  in  ARF 
Logbooks  Nos.  C-IO609,  C-III62,  and  C-II3I6,  assigned  to  Project  No. 
ARF  2206.  This  report  is  identified  internally  as  ARF  2206-6. 


ABSTRACT 


Tb«  relatlon^ip  betiie«B  gamtity  of  ASIM  sem  oalt,  vaxylng  fron  , 
0.0002  to  0.02  g/sq  in.j  and  thlokneas  of  anodlzod  flln— 0,  2,  and  8  mloro> 
Inchea— 'in  elevatod  tenparatnre  atreaa-aorroalon  craoking  of  tho  tltanlm 
alloys  Ti«6Al-Uv  and  B-120VCA  vas  Investigated*  E3(po8ure  conditions  were 
600*F-25,000  psl-l^O  hr  for  the  fomer  alloy  and  600*F-100>000  psl-190  hr  fox| 
the  latter.  Oanage  was  progressively  greater  vlth  increasing  quantity  of 
salt*  The  anodized  fllas  appeared  to  be  of  no  benefit  to  the  TI-6AI-4V  alloyj 
houeverj  it  appeared  that  linited  protection  was  afforded  B-1207CA. 

The  allcysi  202b-T86,  7075-T6,  ZK-60A-T5,  17-7  PH  HH  950,  and 
B>120VCA  in  tuo  conditions  of  grain  size  and  tvo  conditions  of  surface  treat¬ 
ment  Here  tested  as  foUowst  tensile  test  in  air  at  roon  temperature*  and  in' 
distilled  water  and  ASIM  sea  water  at  32**  79**  and  212*F}  and  statically 
leaded  at  90f  of  the  yield  strength  in  media  of  air*  water*  and  ASTH  sea  water 
at  room  temperature. 

Other  evaluations  made  were  as  follows  t  effect  of  surface  contamiiw- 
tlon  on  the  suseeptlblllty  of  B-120VCA  to  premature  failure  in  ASIM  sea  waterj} 
effect  of  ion  species  on  the  susceptlbillly  of  ZK-6OA*  17-7  PH*  and  B-120VCA  ' 
to  stress  corrosion  or  prenature  failure  in  static  load  tests}  and  behavior 
of  weldments  of  B-1207CA  in  tensile  and  static  load  testing  in  ASIM  sea  water* 

The  results  indicate  that  B-120VCA  is  more  resistant  to  failure  than 
17-7  PH  under  the  conditions  of  these  ejqperlments.  However*  weldnents  of 
B-1207CA  failed  in  the  elastic  region  when  tensile  tested  in  ASIM  sea  water. 
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I.  ITOOIXICTION 


la  laboratory  testa  certain  materials  for  aircraft  and  mleaile  con¬ 
struction  were  observed  to  fail  pmnaturely  when  subjected  to  stress  approx^ 
inating  their  yield  strength  in  the  presence  of  aqueous  salt  (ASIH  sea  water) 
solution*  Ibe  materials  wares  aluminum  alloy  202l»>T86|  magnesium  alloy 
ZR-60A)  precipitation  hardenable  stainless  steal  17-7  PH,  and  titanium  alloy 
B-120VCA  (1).  The  fact  that  failures  of  this  type  hare  occurred  on  aircraft 
structures  indicates  a  problem  in  need  of  elucidation* 

Another  problem  of  consequence  is  the  stress  corrosion  of  titanium- 
base  alloys  I7  chloride  salts  at  elevated  twnperatures*  Apparently  there  is 
little  cause  for  concern  for  titanium-base  alloy  parts  incorporated  in  air¬ 
planes  presently  flying*  The  upper  temperature  limit  and  the  stress  condi¬ 
tions  for  these  applications  are  not  within  the  critical  zone  as  defined  by 
laboratory  tests  for  the  particular  alloys  involved*  However,  newer  develop¬ 
ments  are  cause  for  apprehension.  Specifically,  it  is  desired  to  push  the 
temperature  limit  for  titanium  application  higher— that  is,  into  the  region 
where  salt  stress  corrosion  proceeds  at  a  high  rate*  Also,  a  newly  developed 
alloy,  P-120VCA,  which  shows  promise  of  being  widely  used  in  aircraft  and 
missiles,  has  been  shown  in  laboratory  tests  to  have  a  lower  temperature 
limit  for  severe  damage  than  alloys  like  Tl-6Al-hV.  Since  this  heat-treat- 
able  alley  was  tested  in  a  hi^wstrength  condition,  this  may  be  a  reflection 
of  the  -greater  notch  sensitivity. 

It  is  known  that  the  ra-te  of  stress-corrosion  cracking  is  dependent 
upon  the  amount  of  salt  present*  JXi  laboratory  tests  applied  salt  concen¬ 
trations  have,  for  the  most  part,  been  greatly  in  excess  of  accumulations 
that  one  might  expect  in  service*  One  of  the  reaetxie  why  titanium  alloys  may 
appear  to  perfom  better  in  service  in  marine  atmosphere  than  one  might  suppose 
based  upon  laboratory  teste  is  that  salt  accumulations  are  smaller  than  the 
amounts  usually  applied  in  tests*  Also,  it  is  known  that  anodized  films 
afford  some  protection*  important  questions  which  need  quantitative  answers 
arei  (1)  what  protection  is  given  by  an  anodized  film,  and  (2)  what  is  the 
Influence  of  salt  concentration? 

In  regard  to  premature  failure  in  aqueoue  aalt  solution  the  objectives 
of  the  current  program  are  -tos  (1)  define  the  conditlone  under  which  such 
failures  occur  and  (2)  to  develop  infoxnation  which  will  contribute  to  undex^ 
standing  the  meehanlon  Involved*  Materials  of  this  part  of  the  program  arex 
the  aluminum  alloys  202l^TS6  and  707^-T6,  ZK-6OA,  17-*7  PH,  and  H-i20TCA*  Test 
methods  consist  of  dsnicnle  tensile  and  static  load  testing  in  air,  distilled 
water,  and  ASDf  standard  sea  water*  Dynamic  tensile  tests  were  conducted  on 
a  "hard"  machine  capable  of  detecting  the  occurrence  of  cracks  which  cause  a 
drop  in  load  of  20  pounds  (equivalent  to  about  900  pel  for  the  specimen 
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gsoraetiy  used).  J^jrnamle  tensile  tests  were  conducted  st  noninsl 
temperatures  of  32*,  1$*,  and  212*?  for  aqueous  envlrbiments.  Static  load 
(tensile)  tests  were  conducted  at  room  teiQ>erature  only.  All  materials  were 
evaluated  as  age-hanlenad  sheet  in  two  grain  site  conditions  andn^  surface 
conditions  t  fredily  ground  under  the  test  msdium  and  with  a  protective  film 
on  the  surface*  Selection  of  these  two  surface  conditions  was  based  upon 
current  work  in  the  area  of  fracture  mechanics  and  the  influence  of  test 
environments.  Die  work  indicates  that  factors  of  importance  are  reproduoi- 
blUly  of  the  surface  condition  and  the  presence  or  absence  of  a  surface 
film,  e«.,  the  natural  oxide.  The  first  factor  is  important  in  order  that 
results  of  independent  investigators  nay  be  mutually  reproducible  and  corre¬ 
lated.  The  second  factor  has  been  shown  to  have  siendficant  influence  in 
single  crystal  work,  and  in  work  on  polycrystalUne  manganese  bronae  of  the 
author's  experience  (2). 

Ih  regard  to  elevated  temperature  salt  stress  corrosion  of  titanium- 
base  alloys,  the  objective  is  to  define  the  relationship  between  thickness  of 
protective  anodized  film,  quantity  of  salt  present,  and  specimen  life  or 
degree  of  damage  after  190  hours'  exposure.  Evaluations  were  made  at  single 
ezpogure  temperatures  of  600*  and  800*7  for  sheet  B-120VCA  and  TI-6AI-I1V 
alloys,  respectively. 


II.  EXPERIMENTAL  PROCBDORES 


A.  Materials 

The  materials  of  this  investigation,  their  sources,  gages,  and  nominal 
or  actual  compositions  are  given  in  Table  1*  The  materials  were  evaluated  in 
the  as-received  condition  with  respect  to  micro structure  and  in  a  coarser 
grain  size  condition  with  the  exception  of  B-120VCA*  The  second  micro- 
structural  condition  of  this  alloy  was  of  finer  grain  siie  produced  by  cold 
rolling  and  recryatallizatlon.  Grain  coarsening  of  the  other  alloys  was 
accomidiihed  by  annealing  at  relatively  high  temperatures*  Grain  coarsening 
temperature  of  the  aluminum  and  the  magnesium  alloys  was  limited  to  900*F  due 
to  grain  boundary  melting*  Treatments  to  produce  the  second  grain  size  and 
the  grain  size  of  the  materials  evaluated  are  given  in  Table  2.  Grain 
coarsening  treatments  were  arrived  at  by  trial.  The  materiala  initially  were 
relatively  coarse  grained  and,  except  for  ZK-60A,  were  quite  resistant  to 
grain  growth. 

The  invoice  accompaoylng  the  B-120VCA  material  indicated  that  it  could 
be  aged  to  the  desired  strength  level  in  2U  hours  at  900*?.  However,  after 
such  a  treatment  the  tensile  properties  were  little  different  from  the  as- 
received  or  solution-treated  properties*  An  aging  stutly  monitored  by  bardnesis 
measurements  indicated  that  aging  should  be  for  liO  hours  at  900*?.  Aging  heat 
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treatments  were  carried  out  in  a  positive  pressure*  static  argon  gas  atmos* 
phere.  Titanium  sponge  was  placed  in  the  hot  zone  between  the  test  pieces 
and  the  entrance  end  of  the  retort  for  gettering  residual  Impurity  gases* 

After  heat  treatment  0*5.  mil  was  picklad  fran  each  surface.-  The-piolde-batho" 
consisting  of  an  aqueous  solution  of  3%  HF*  30^  HNO.*  and  $%  HpOn-- was 
operated  at  1$0*F.  The  finer  grained  material  was  produced  by^cold  rolling 
0*090  in*  material  to  SOjC  reduction*  and  recrystalllaing  at  132$*F  for  1  hr 
followed  by  air  cooling*  Because  of  the  size  of  sheet  the  recrystallization 
treatment  was  done  in  air.  A  total  of  b  mils  of  surface  was  removed  by 
pickling  in  order  to  Insure  removal  of  contamination* 

It  was  originally  planned  to  evaluate  the  17-7FH  material  in  the  TH 
10^0  condition*  However*  in  this  condition  the  material  exhibited  a  yield 
strength  of  only  11x0*000  pal— .about  li0*000  psl  below  the  desired  level.  There¬ 
fore*  the  RH  9$0  treatment  was  employed* 

The  ''ground"  surface  condition  was  prepared  by  abrading  with  120-150T 
Porter  Cable  abrasive  under  the  test  medium*  For  tests  in  aqueous  media  the 
reduced  section  was  not  pexmitted  to  dry  between  grinding  and  testing*  This 
was  to  Insure  that  the  molecular  species  adsorbed  on  the  surface  would  be 
the  test  medium.  The  other  surface  condition  evaluated  was  a  protective  film* 

The  aluminum  alloys.  202U  and  7075*  were  anodized  according  to  the  procedure 
AHS  specification  2U71  while  the  magnesium  alloy*  ZK-60A*  was  chronated 
following  the  procedure  AHS  specification  21(75a*  The  stainless  steel*  17^*7  PH* 
was  passivated  by  holding  in  a  HNO,  solution  at  120*F  for  30  minutes*  The 
titanium  alloy*  B-120VCA*  was  anodlzed'^to  a  film  thickness  of  8  mleroincbes 
as  described  below.  All  test  specimens  were  longitudinal  with  respect  to  the 
rolling  direction. 

B.  Elevated  Temperature  Salt  Stress  Corrosion 

The  elevated  temperature  salt  stress  corrosion  tests  were  conducted 
in  20«1  lever  arm  creep  test  stands.  Sheet  test  specimens  contained  a  2  x  l/U 
in*  reduced  section*  The  salt  was  applied  by  spreading  0*05  ml  of  salt  solutions 
of  concentrationsj  10,  1*  and  0*1%  ASTH  sea  salt  (7  parts  NaCl  to  1  part  MgCl.) 
over  one  side  of  the  1  in*  center  part  of  the  reduced  section.  The  solutions  ^ 
were  allowed  to  evaporate  to  dryness  before  the  specimens  were  placed  in  the 
test  stands.  Exposures  were  for  190  hours  at  temperatures  of  600*P  for  B-12QVCA 
and  800*F  for  Ti-6Al-lxV*  The  stresses  applied  were  estimated  to  produce  not 
more  than  0,2f  creep  deformation*  and  were  100*000  psi  for  B-120FCA  and  25*000 
psi  for  Tl-6Al-hV*  ^wcimens  of  each  alloy  were  evaluated  in  three  surface 
conditions:  freshly  pickled*  with  2-microinch  anodized  film*  and  with 
8-mloroinch  anodized  film.  Anodizing  was  carried  out  in  a  1%  K(£  solution* 

The  thinner  film  was  produced  by  anodizing  for  30  sec  at  18  voltsi  the  thicker 
film  was  produced  by  anodizing  for  15  sec  at  66  volts  followed  by  15  see  at 
7h  volts*  The  latter  procedure  resulted  in  a  more  unlfozm  film  than  anodizing 
for  30  sec  at  7lx  volts*  After  elevated  temperature  exposure*  specimens  were 
tensile  tested  at  room  temperature. 
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C.  Tanaile  Teatlng  In  Aquanua  Madin 

Shaat  taat  apeedjuna  for  tasaila  taata  oontalnad  a  2  3/8  bgr  3/8  In* 
raducad  aaqtlon  axoept  tha  ^nar  gradnad  fir*120nii  and-tha  ooiraar  gr^Jiad 
17-7  FH  apeeinana*  SLnea  a  nvnibar  of  tha  3/8  in*  aidth  apaolnana  of  iheaa 
alloys  in  tha  as-racalTad  condition  failed  In  tha  pin  holai  the  materials 
prooaasad  to  ohange  tha  grain  siae  of  theaa  two  alloys  ware  aachlnad  to  1/U 
in*  width*  Tha  taata  ware  made  on  a  Rlahla  aachlna  of  20,000-lb  capacity.  A 
constant  cross-head  apaed  of  0*2  in*/Bln  aas  used  in  all  tasting.  For  tests 
in  aqueous  media  at  room  temperature  tha  medium  was  oontainsd  in  a  1  in* 
plastic  tube  surrounding  tha  reduced  section  of  tha  test  specimen*  The 
container  was  sealed  at  the  bottom  by  means  of  a  rubber  stopper  slotted  to 
aocomnodata  the  test  specimen.  Dow  Coming  stopcock  grease  was  used  to 
eomplate  the  seal  between  tha  specimen  and  tha  rubber  base  plug.  Tests 
conducted  abora  or  below  room  temperature  had  the  medium  contained  in  a 
2  l/2-in*  diameter  Fyrex  tuba  reduced  at  tha  base  to  1  1/2-in.  diameter.  The 
base  was  sealed  by  means  of  a  rubber  stopper  with  a  hole  in  the  center  to 
accommodate  the  lower  pull  aim,  about  which  the  seal  was  made*  The  lower 
pull  am  pin  was  coated  with  Ray-Bond  adheslre  R-81001  (Raybestos-Manhattan, 
Dae*),  in  order  to  proTont  electrochmloal  effects  external  to  the  test 
specimen*  Themocouplas  In  contact  with  the  specimen  under  the  test  medium 
were  also  coated.  For  tests  at  212*F  a  resistance  heating  coil  was  wound 
around  the  Tyrex  tube;  for  tests  at  32*F  crushed  lee  was  added  to  the  medium* 
Load- strain  curves  were  recorded  autographlcally.  A  drop  In  load  of  20  lb 
was  readily  detectable* 

D*  Static  Load  Tests  in  Aqueous  Media 

Static  load  teats  in  aqueous  media  wero  conducted  at  room  temperature 
only*  Test  loads  were  equivalent  to  about  90^  of  the  0*2$  off-set  yield 
strength,  and  test  duratiem  was  2li0  hr  or  rupture  wfadchever  occurred  earlier. 

The  aqueous  media  were  contained  in  1  in*  plastic  tubes  in  the  manner  described 
above  for  tensile  tests.  Specimens  surviving  the  exposures  were  tensile 
tested. 

E*  Evaluation  of  ¥sl<teent8  of  B-120^DA 

Since  the  grain  slse  of  weldments  inB-120VCA  is  usually  much  larger 
than  the  parent  grain  slse,  an  evaluation  by  the  above  means  (tensile  test  end 
static  load)  was  made  of  welded  speoimens.  Velds  ware  longitudinal  with  respect 
to  the  rolling  direction  and  were  tested  in  the  longitudinal  direotion.  Bead 
welds  on  0*062  in*  sheet  were  made  by  the  tungsten  inert  gas  process,  operating 
at  10  volts  and  95-100  amps  current*  vfelds  were  made  under  three  sets  of 
conditions!  (1)  normal  conditions,  (2)  a  300  gauss  magnetic  field  parallel  to 
the  welding  electrode  Imposed  and  field  direction  alternated  at  the  rate  of 
10  cps,  and  (3)  250  gauss  magnetic  field  imposed  and  field  direction  alter¬ 
nated  at  the  rate  of  2  cps.  The  last  two  conditions  were  for  the  purpose  of 
refining  the  weld  grain  sise*  Experiments  ejqploring  various  means  including 
mechanioal  vibration  and  magnetic  stirring  for  refining  weld  grain  siae  of 
B-120VCA  indicated  magnetic  stirring  to  be  more  effective  (3)*  Aging  of  tbs 
welded  specimens  was  done  at  900*F  for  I4O  hr  and  was  followed  by  a  flash 
anneal  at  10C0*F  for  I4O  min  to  Improve  duotili^* 
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III.  RESULTS  iND  OISCOSSIOM 


A.  Mlorostruoturs  Qf  Mat«rl«l0 

Table  2  sonmerlaes  the  heat  treataenta  ai^lied  to  the  teat  tiaterlala 
and  the  grain  alae  aeaaurenenta.  RapreaentatlTe  aleroatrueturea  az'o  ahown  in 
Figa.  1  through  10.  Only  the  IT-TIH  In  both  grain  alze  condltlona  and  the 
ZK-60A  in  the  aa-reeelyed  oonditlon  vere  equiazad.  Iheareforoy  grain  neaaure^ 
nenta  are  given  in  tema  of  the  average  dlnenalona  of  the  najor  and  minor  axaa 
of  the  graina*  The  nlcroatmoture  of  the  cold-rolled  and  reoiyatalliaed 
B-1207CA  alloy  (aee  Fig.  10)  waa  quite  varied.  Apparently  much  of  the  atruoture 
reorystalliaed  ^  aeeondary  reczyatalliaatlon. 

B.  Elevated  Tanperature  Salt  Corroaion 

All  epaolnena  of  T1-6a1-)iV  and  B-120VCA  aurvivad  the  atreaa- corroaion 
expoaurea.  A  control  apaelnen  of  Ti-&&l-UV  alloy  exhibited  0.17^  creep  under 
the  axpoaure  condltlona  of  25,000  pai  atreaa  at  aOO*F  for  190  hr,  uhlla  a 
control  qpedaen  of  B-1207CA  exhibited  0,0$$%  creep  under  the  condltlona  of 
100,000  pai  atreaa  at  600 *F  for  190  hr.  Poat-a3qx>aura  tend  la  propertlea  for 
the  two  alloya  are  given  in  Tablea  3  and  li,  reapectlvely.  Tenalle  elongatioi 
aa  an  Indication  of  the  extent  of  atreaa-corroaion  damage  la  plotted  in  Figa, 

11  and  12  versua  the  aalt  concent rationa  on  the  aurface. 

The  T1-6A1-U7  alloy  exhibited  aignlfioant  atreaa-corroaion  effaota 
only  at  the  higheat  aalt  level.  Anodizing  doea  not  appear  to  have  had  any 
effect  under  theae  expoaure  conditiona. 

Ketallographlc  examination  of  apeclmens  expoaed  to  the  heavieat  aalt 
concentration  all  ediiblted  auxrface  corroaion  and  ocoaalonal  pita.  The  latter 
are  probably  the  loci  of  Individual  aalt  oxyatala.  However,  no  eracka  were 
obaei^d,  Thia  finding  ia  eaaentially  ia  agreement  with  thoae  for  accelerated 
aodlum  chloride  atreaa-corroaion  teatlng  carried  out  by  the  titanium  produeera* 
Ihe  condltlona  of  the  current  inveatigatlon  represent  borderline  conditiona 
between  cracking  and  no  cracking  defined  by  the  earlier  Inveatigationa  of  the 
producers  (U). 

Figure  12  indicates  that  the  B-1207CA  alloy  is  susceptible  to  sons 
extent  even  at  the  lowest  salt  level,  and  stress-corrosion  damage  increased 
with  increased  quantity  of  salt.  The  data  suggest  that  the  anodizing  treat¬ 
ment  nay  have  been  beneficial.  However,  the  degree  of  protection  afforded 
under  the  conditions  of  this  evaluation  was  not  very  great. 

Metallogra^c  examination  of  specimens  exposed  to  the  highest  salt 
concentration  ^owed  the  presence  of  transgranular  stress-corrosion  cracks  in 
ths  unanodized  specimen  and  In  2-aicrolnch  ojdde  film  apecinen.  Ercludlng  the 
craok  from  which  the  tensile  fracture  initiated,  the  metallographie  sample 
from  ths  former  specimen  contained  $  cracks  of  length  varying  from  0.002  to 
O.OOU  in.,  while  the  sample  from  the  latter  specimen  exhibited  17  cracks  of 


lengths  Tarjrlng  fron  0*002  to  0*007  in*  No  orsoks  sere  observed  in  the  sample 
fron  the  8-mloroinoh  flla  apeelaen  examined*  Ito  oracki^  l^lbited  vezjr  little 
bruohing  and  appeared  to  follow  along  oxystalldgraphio  dineotions  olosest 
to  being  transverse  to  the  stress  axis.  Exiles  of  atress-corrosion  cracks 
observed  in  the  unanodized  and  in  the  2-i:dcroin(^  anodised  fiha  specimens  are 
shown  in  Figs*  13  and  lli*  respectively* 

It  ^ould  be  pointed  out  that  applying  salt  solutions  of  different 
concentrations  as  was  done  In  this  evaluation  bad  the  priaaty  effect  of 
varying  the  size  of  the  deposited  salt  crystals*  The  edge  diaensions  of  the 
salt  crystals  as  observed  on  the  B-120VC4  specimens  were  0*0li«  0.005«  and 
0*0009  to  0.00009  In.f  for  thehlghestf  intermediate  and  lowest  salt  lsvels> 
respectively.  At  the  lowest  level  the  0.0009  in.  crystals  were  rare,  while 
the  0.00009  in.  were  common  and  concentrated  in  the  grain  boundaries*  The 
grain  structure  on  the  surface  of  the  as-received  B-120VCA  could  be  readily 
discerned  at  low  auignificatlon  because  of  narked  depression  of  the  grain 
boundaries*  This  is  shown  in  Fig.  1$.  Apparently  the  last  liquid  to  evaporate 
resided  in  the  grain  boundary  depressions*  and  the  most  dilute  solution  did 
not  become  saturated  until  evaporation  had  reduced  the  liquid  volume  to  that 
in  the  grain  boundaries*  resulting  in  a  concentration  of  the  salt  in  these 
locations.  The  cold-rolled*  recrystallized  and  pickled  material  exhibited 
this  phenomenon  to  a  much  less  marirad  extent*  as  chown  by  Figure  16. 

C*  Tensile  Properties  in  Various  Media 

The  data  for  tensile  test  in  media  of  air*  distilled  water*  and  ASIM 
sea  water  at  room  temperature*  and  for  the  two  aqueous  media  at  32*  and  212 *F 
are  summarized  in  Tables  5  to  lU*  Tensile  elongations  as  a  function  of 
temperature  are  plotted  for  each  of  five  basic  materials  in  Pigs.  17  to  21* 
There  was  no  significant  change  in  the  tensile  properties  of  202lt-T86  for  the 
variables  Imposed  in  this  Investigation.  The  7075-76  alloy  similarly  esdilbited 
no  tensile  test  property  dependence  on  test  medium*  temperature  or  surface 
condition.  It  may  be  noted*  however*  that  the  grain-coarsened  mateilal  had 
lower  strength  and  higher  ductility  than  the  as-received  material. 

The  two  surface  conditions  of  the  ZK-60A  behaved  similarly  in  the 
various  media.  Tests  In  air  and  water  gave  approximately  the  same  results; 
the  average  elongation  was  somewhat  higher  for  tests  in  air  compared  to  tests 
in  water.  Tests  in  ASIM  sea  water  resulted  in  lower  elongation  than  testing 
in  the  other  media;  and  comparing  the  aqueous  media  this  difference  increased 
with  increasing  temperature.  The  hl^  elongations  in  water  solution  are  due 
to  the  occurrence  of  strees-corroslon  cracks  throughout  the  rsduoed  section. 
Chromatlng  leaves  a  veiy  rou^  surface  on  ZK-60A  alloy,  and  cracks  originate 
at  the  basa  of  the  deeper  pits  as  shown  by  Fig.  22, which  is  a  photomicrograph 
of  a  speclnsn  tensile  tested  in  air.  Five  such  cracks  were  observed  in  the 
particular  metallographlc  sample  represented. 
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graln-ooATwning  h«at  treatment  of  2000*F  for  boura  was  rtvy 
detrimental  to  the  tenelle  dnctlUty  of  17*7PH  in  the  RH  950  oondltlony  as 
shorn  bgr  Fig.  20.')^  ^e  heat  treataent  ahl^  vas  doiis  im  air  apj^aa^atly  . 
caused  grain  houndavy  oxidation  to  a  depth  of  about  0.001  in.  as  illustrated 
by  Fig.  23.  Hoverer,  surface  grinding  to  remove  3  mils  and  consequently  the 
damaged  layer  frost  each  surface  produced  a  tensile  elongation  of  3*3%  im  one 
specimen  but  only  0*%%  in  another*  It  is  possible  that  due  to  distortion 
3  mils  vere  not  remoTsd  over  the  entire  surface  of  the  latter.  Therefore »  it 
appears  that  the  damage  was  limited  to  the  surface  layers.  Ih  the  as- 
received}  fine-grain  sise  condition  the  stainless  steel  exhibited  somexhat 
higher  elongation  in  ASTH  sea  eater  at  32*F  than  in  distilled  eater.  At 
room  temperature  this  relation^ip  is  reversed  but  smaller  in  magnitude. 

There  does  not  appear  to  be  a  significant  difference  at  212*F.  In  the  grains 
coarsened  condition  all  tests  in  aqueous  media  produced  tensile  elongations 
of  less  than  1%,  while  tests  in  air  at  room  temperature  resulted  in  elonga¬ 
tions  of  1^  or  slightly  more. 

The  fine-grained  B-120VCA  alley  had  somewhat  lower  strength  and  higher 
ductility  ccanpared  to  the  as-received  coarse-grained  material}  as  shovn  by 
the  data  of  Tables  13  and  lU  and  Fig.  21.  Tensile  elongation  tended  to 
increase  modestly  with  increasing  test  temperature  for  this  alloy;  this 
Increase  was  perhaps  due  to  temperature}  per  since  the  matrix  is  body- 
centered  cubic,  in  general}  tensile  elongation  was  slightly  lower  in  ASTH 
sea  water  than  in  water. 

0.  Stress-Corrosion  Susceptibility  in  Various  Media 

The  results  of  subjecting  the  test  materials  to  loads  of  90^  yield 
strength  (0.2^  offset)  in  the  presence  of  air}  distilled  water}  and  ASTH  sea 
water  for  2h0  hours  are  summarized  in  Tables  15  to  214}  and  Figs.  2h  to  26. 
Occasionally  there  was  a  leak  which  necessitated  interrupting  the  test  in 
order  to  stop  it.  In  such  cases  failure  frequently  occurred  very  soon  after 
the  reappllcatlon  of  the  load.  AlsO}  failures  in  the  lower  pin  hole  were 
very  often  associated  with  a  leak  condition.  Tests  in  which  leak  conditions 
prevailed  upon  initial  loading  are  so  indicated  in  the  tables.  The  tern 
"interface"  in  the  last  column  of  some  of  the  tables  from  No.  19  through  2$ 
refers  to  the  alr/aqueous  solution  Interface.  All  of  the  aluminum  alloys 
specimens  survived  the  exposures  as  shown  by  Fig.  2I4.  Post-exposure  tensile 
testing  indicated  that  the  fine-grained  surface  specimens  and  coarse-grained} 
anodised  epeeimens  of  202I4-T66}  and  a  coarse-grained}  surface- ground  specimen 
of  7075-T6  suffered  damage  as  a  result  of  the  exposure  in  ASTH  sea  water. 

The  coarse-grained  7075  alloy  was  Inadvsrtently  loaded  to  116$  of  the  yield 
strength  rather  than  the  Intended  90$. 


_  Q 

m  plotting  the  elongation  data  for  17-7  PH  and  B-1207CA}  single  values 
are  used  in  cases  where  one  of  the  duplicate  specimens  failed  In  a  pin 
hole}  except  in  the  case  where  in  spite  of  the  fact  that  failure  occurred 
In  a  pin  hole  the  elongation  was  greater  than  for  the  duplicate  specimen 
which  failed  in  the  gage  length. 
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Figure  2$  and  Tables  19  and  20  sunraariae  the  results  for  static  load 
exposure  In  various  media  for  ZK**60A  alloy*  The  coaorse-gralned  material  in 
the  surface-ground  condition  vas  Inadvertently  stressed  to  106^  of  the  yield 
strength  rather  than  the  intended  90$*  The  data  suggest  that  the  fine-grain» 
surface-ground  condition  is  more  resistant  to  stress-ebrrosloh  craclclng  in 
the  aqueous  media  thsdi  the  fine-grain*  film  condition;  and  the  coarse-graln* 
film  condition  is  more  resistant  to  stress-corrosion  cracking  than  either* 

The  position  of  the  coarse-graln*  surface- ground  condition  is  somewhat  uncer¬ 
tain  because  of  the  unequivalent  load;  however*  It  appears  to  be  on  a  par  with 
the  coarse-grain*  film  condition*  Figure  27  shows  a  stress  corrosion  crack 
in  a  fine-grain*  film  condition  specimen  exposed  to  ASTH  sea  water* 

Static  load  exposure  results  for  17-7PH  are  given  in  Fig*  26  and 
Tables  21  and  22*  Failures  during  exposure  occurred  In  water  and  ASTM  sea 
water*  Failures  were  more  numerous  in  the  coarse-grain  material*  and  they 
occurred  in  much  shorter  times*  The  most  frequent  site  of  fracture  was  at 
the  base  of  the  container  suggesting  a  concentration  cell  affect*  Similar 
behavior  was  reported  by  Ault  for  AM-3^0  alloy  (5).  However*  fracture  at  the 
air/solutlon  interface  was  almost  as  frequent*  The  poorer  performance  of  the 
coarse-grain  material  was  very  likely  related  to  the  surface  condition  discussed 
above* 


Static  load  results  for  &*120VCA  are  summarized  in  Fig*  26  and  Tables 
23  and  2U*  A  number  of  specimens  in  the  as-received  (coarse  grain)  condition 
fractured  in  the  pin  hole*  either  during  expos\ire  or  during  subsequent  tensile 
testing.  Consequently  when  the  fine  grain  material  was  machined  to  test 
specimens  at  some  later  time  the  width  of  the  reduced  secticn  was  changed  from 
3/8  to  l/U  in*  The  theoretical  stress  concentration  of  the  pin  hole  was  2*14* 

Pin  hole  fractures  during  exposure  were  associated  vdth  the  presence  of  aqueous 
solution*  Ih  the  ease  of  the  surface-grotmd  condition*  specimens  were  entirely 
immersed  in  the  medium  for  the  grinding*  and  undoubtedly  traces  of  solution 
remained  in  the  pin  holes*  In  the  case  of  the  film  condition  specimen 
(specimen  No*  12)*  the  container  developed  a  leak  which  probably  led  to  wetting 
of  the  lower  pin  hole  where  fracture  occurred* 

None  of  the  fine- grain  specimens  failed  during  exposure* and  none  gave 
unequivocal  Indications  of  having  suffered  damage  during  exposure  in  subsequent 
tensile  testing*  Ih  comparison  to  the  performance  of  the  coarse-grain  material* 
this  nay  be  the  result  of  a  lower  stress  at  the  pin  hole  because  of  the  more 
favorable  geometiy  of  the  fine-grain  specimens*  It  appears  that  &>120VCA 
perfozns  much  more  favorably  under  these  conditions  than  17-7  PH* 
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B*  Effect  of  Ion  Species  cm  Stress  Corrosion  Cracking 

The  three  natarlals«  ZK"6Qi|  17-7  PH>^and  idilCh  gave  . . 

indications  of  being  susceptible  to  prenature  failure  or  stress  corrosion 
cracking  in  ASIM  sea  eater  under  static  load  conditions  were  further  evaluated 
to  determine  the  effect  of  ion  species  on  their  behavior.  The  ASIM  sea  eater 
has  a  aolaritv  of  0.60  assuming  3.$^  HaCl  In  place  of  the  actual  %  NaCloO.Si^ 
MgCl2«  Specimens  of  the  three  alleys  eere  ejqposed  \uider  static  loads  of  90^ 
of  tue  0,2ft  offset  yield  strength  in  0.60  molar  solutions  of  the  fOUoeing 
salts  t  NaClj  KCl*  CsClj  NaBr«  and  Nal.  Ih  testing  performed  up  to  this  point 
failure  either  occurred  in  less  than  60  hr>  or  thexe  eas  no  failure  for  the 
2ii0  hr  exqposure.  Therefore^  in  these  tests  exposure  times  vere  at  least  96  hr 
but  did  not  exceed  17$  hr.  Specimens  nerd  evaluated  in  the  surface  condition < 
freshly  ground  under  the  test  medium. 

e 

The  results  of  these  tests  are  summarised  in  Table  26.  All  of  the 
B-120VCA  specimens  survived  the  esqjosures  and  in  subsequent  tensile  test 
evaluation  exhibited  no  deterioration  of  Mohanlcal  properties.  For  the 
other  tuo  materials  molar  conductance  versus  time  to  failure  is  plotted  in 
Fig.  28.  The  molar  conduetanees  at  18*C  (6U*P)  were  taken  from  the 
Ihtematlonal  Critical  Tables  for  0.$  molar  solutions—data  were  not  complete 
for  a  temperature  of  2$*C  (77*F)  (6).  Considering  the  sodium  salts  of  the 
halide  series  it  appears  that  time  to  failure  is  longer  for  increasing  molar 
conductance.  Also  considering  the  behavior  of  17-7  PH  in  the  series  of 
chloride  salta  it  again  appears  from  these  very  limited  data  that  time  to 
failure  tends  to  increase  with  increasing  molar  conductance.  It  may  be  noted 
that  with  a  single  exception  the  ZK-60A  specimens  failed  either  in  a  pin  hole 
or  at  the  base  of  the  cup.  Similarly  three  of  the  four  17->7  PH  failures 
occurred  In  a  pin  hole  or  at  the  base  of  the  cup.  Under  the  conditions  of 
these  tests  there  is  a  decided  preference  for  crevlcei  or  concentration  cell* 
corrosion. 

A  single  specimen  of  the  ZK-60A  alloy  survived  for  more  than  an  order 
of  magnitude  longer  than  the  other  magnesium  alloy  speoimens.  This  speolmen 
was  exposed  to  an  aqueous  solution  of  KCl.  Sreeimens  ejqposed  to  the  CsCl 
solution  exhibited  many  transverse  cracks  in  the  test  section,  while  mil  of 
the  other  magnesium  alloy  specimens  either  had  no  cracks  observable  at  30X 
or  only  a  few  small  cracks  (about  O.OU  in.  long)  within  lA6  in.  of  the 
fracture. 

Consideration  of  tbs  ionic  conductance  and  the  effect  of  ionic  con¬ 
ductance  on  the  changes  in  composition  in  the  anode  and  cathode  areas  of  an 
electrolytic  system  suggests  that  the  apparent  correlation  exhibited  by  Fig.  28 
is  merely  superficial  and  the  relatloneMp  between  species  of  anion,  cation, 
test  material,  and  strese  corrosion  behavior  is,  needless  to  say,  very  complex. 
It  is  especially  interesting  that  the  CsCl  solution  did  not  produce  stress- 
corrosion  failure  in  17-7  PH  althou{^  the  other  two  chloride  ealts  did.  Of 
course,  an  uncontrolled  variable  of  considerable  importance  in  these  tests  was 
oxygen  content.  This  is  especially  important  because  of  hi^  proportion  of 
failures  at  ereviee  sites. 
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7*  Behavior  of  B-120VGA  Weldaenta  Under 
Tensile  Stress  in  ASTN  Sea  Water 

Longitudinal  eeld  speoiinsns  of  B-120VCA  In  the  aged  oondltim  van 
tensile  tested  in  air  and  in  ASTM  sea  water  and  ev^uated  for  pranature 
failure  under  static  load  equal  to  90!(  of  the  yield  strength  In  air  and  ASTM 
sea  water.  Weldments  were  brl^t  and  dilry  in  appearance,  and  there  was  no 
evidence  of  contamination*  The  aging  treatment  was  900*7  for  liO  hr  followed 
by  a  flash  anneal  of  1000*7  for  ItO  min.  The  specimens  were  then  pickled  to 
remove  a  total  of  1  min*  The  results  are  given  in  Table  27. 

The  weldments  were  of  lower  strength  and  ductility  than  the  parent 
metal  (see  Table  lit).  Tensile  testing  in  ASIM  sea  water  resulted  in  failures 
in  the  elastic  region  for  all  welded  specimens.  Under  static  load  conditions 
at  190,000  pCl,  specimens  tested  in  air  environment  survived  96  hr  exposure 
and  esMblted  no  deterioration  of  mechanical  properties  in  subsequent  tensile 
testing.  However,  in  ASTM  sea  water  all  specimens  failed  within  1  mindte  of 
the  application  of  a  load  of  110,000  psi*  Thus  the  behavior  of  the  welded 
structure  is  in  marked  contrast  to  that  of  the  base  metal,  but  is  similar  to 
the  behavior  experienced  with  specimens  which  ware  intentionally  contaminated 
during  heat  treatment  (refer  to  Table  29)  and  with  the  behavior  of  base  metal 
evaluated  in  a  similar  manner  in  a  prior  progron.  La  the  prior  work,  aged 
material  failed  on  loading  to  the  0*2^  offset  yield  strength  in  a  somewhat 
different  envlronment~the  specimen  was  wetted  by  a  wick  system  fed  by  a  10^ 
aqueous  solution  of  ASTM  sea  salt  (7  parts  NaCl,  1  part  Hg2Cl)  (1). 

The  surface  appeai'ance  of  the  bead-on-plate  weld  indicated  that  both 
conditions  of  magnetic  stirring  reduced  the  grain  dimension  by  a  factor  of 
two  as  measured  along  a  line  parallel  to  the  weld  and  displaced  1/32  in.  from 
the  centerline.  However,  raicroexamination  of  transverse  sections  of  the  welded 
apecimene  indicated  that  only  the  2  cps-290  gauss  condition  produced  refine¬ 
ment  in  depth,  and  this  refinement  was  limited  to  about  ^0%  reduction  in  the 
grain  dimension  measured  perpendicular  to  the  plane  of  the  sheet.  The  weld 
grain  structures  are  indicated  by  the  fractographs  shown  in  71g*  28  which 
shows  specimens  that  failed  under  static  load  in  the  ASTM  sea  water  environ¬ 
ment.  In  all  cases  failure  appears  to  have  initiated  at  the  center  of  the 
front  face  of  the  weld. 


IV.  SOMMARf  AND  C»NCLa5I0NS 

The  effect  of  quantity  of  salt  present  and  thickness  of  oxide  film 
(applied  by  anodizing)  on  hot  salt  stress  corrosion  was  evaluated  for 
B-120VGA  at  600*F  under  100,000  psi  and  Ti-6Al-Uv  at  800*7  under  29,000  psi. 

All  teat  specimens  survived  the  I90  hr  exposure.  There  was  a  definite  effect 
due  to  salt  quantity.  There  was  significant  damage  (amounting  to  an  average 
lo^  loss  in  tensile  elongation)  to  Ti->6Al-UV  alloy  only  at  the  hlcdisst  salt  con¬ 
centration  of  0.02  g/sq  in.  Under  these  test  conditions  anodizing  appeared  to 
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have  no  effect.  The  B-1207CA  alloy  eadilbited  stress  oorroslon  damage  even  at 
the  lo^wst  salt  concentration  of  0.0002  g/sq  In.  m  this  oeie  it  did  iiipeaf 
that  the  anodized  films  were  sonevhat  beneficial}  hOHever«  the  degree  of  pro¬ 
tection  afforded  left  much  to  be  desired.  -  ^  — 

The  alloys  202U-T86,  7075- T6,  ZK-60A  T5,  17-7  PH,  and  B-120VCA  mere 
tensile  tested  in  air  at  room  temperaturet  and  in  distilled  eater  and  in  kSK 
sea  eater  at  3Z*$  room  tmperaturs,  and  212*F.  Tbs  materials  eere  tested  in 
two  grain  size  conditions  and  teo  surface  oondltlona.  One  surface  condition 
eas  freshly  ground  under  the  test  medium^  and  the  other  eas  a  protective  filn 
condition.  The  latter  eas  an  anodized  film  for  the  teo  aluminum  d.loys  and 
B-120VCA  titanim  alloy;  chromate  film  for  the  magnesium  alloy,  ZK-60A}  and 
a  thin  oxide  film  by  passivation  for  the  stainless  steel,  17-7  PH. 

There  eas  no  significant  effect  on  the  tensile  properties  of  the  teo 
aluminum  alloys  due  to  the  variables  imposed  in  tills  investigation.  Except 
for  slightly  lowered  tensile  elongation  for  the  ooarser-gralned  material  for 
tests  conducted  in  air,  there  was  no  significant  difference  in  tensile  elonga¬ 
tion  for  the  two  surface  conditions  and  the  two  grain  sizes  for  the  magnesium 
alloy.  Tensile  elongations  were  lower  in  ASIM  sea  water  than  in  distilled 
water,  and  this  difference  increased  with  Increasing  temperature.  Tests  in 
distilled  water  at  212*P  resulted  in  very  high  elongations  of  17  to  36^  due 
to  multiple  cracking  throughout  the  test  section. 

The  grain-coarsening  treatment  of  2000*P  for  It  hr  was  very  detrimental 
to  the  tensile  ductility  of  17-7  PH  in  the  RH  950  condition  due  to  grain 
boundary  oxidation  to  a  depth  of  about  1  mil.  It  appears  that  this  is  corrected 
if  sufficient  material  is  removed  from  the  surface.  Considering  the  finer 
grain  size  (as- received)  material  there  was  very  little  effect  of  temperature 
for  tests  in  water;  however,  there  was  a  progressive  decrease  in  tensile 
elongation  with  increasing  tengjerature  for  tests  in  ASIM  sea  water— this  was 
true  for  both  surface  conditions.  Tensile  elongation  for  the  coarser  grain 
condition  was  less  than  1J(  for  all  tests  in  aqueous  media,  and  was  less  than 
1.5$  for  tests  in  air. 

The  finer  grain  size  condition  of  the  B-120VCA  alloy  was  of  lower 
strength  and  higher  elongation  than  the  coarser  grain  (as-received)  material. 
This  was  true  for  all  test  conditions.  With  a  single  exception  tensile  elonga¬ 
tion  increased  with  increasing  test  temperature.  The  exception  was  the  fine- 
grain,  ground- surface  specimens  tested  in  ASTH  sea  water  in  the  temperature 
range  from  32*P  to  room  temperature.  This  increase  was  perhaps  due  to 
temperature  per  se  since  the  matrix  of  B-120VCA  alloy  is  body-centered  cubic. 
Tensile  elongation  was  always  lower  in  ASm  sea  water  than  in  distilled  water 
for  the  fine- grain  size  material  and  for  the  coarse- grain  material  in  the 
anodized  condition;  but  this  was  not  true  of  the  coarsa-grain  material  in  the 
ground  condition. 

Static  load  exposures  for  2U0  hr  in  test  media  of  air,  distilled  water, 
and  ASTM  sea  water  at  room  temperature  were  applied  to  the  five  alloys  in 
the  two  grain  size  conditions  and  two  surface  conditions  as  discussed  above. 

All  specimens  of  the  aluminum  alloys  survived  the  exposure.  Post-exposure 
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tensile  testing  Indicated  damage,  l.e.,  some  loss  of  tensile  elongation,  from 
ASIH  sea  water  to  the  following  material  conditions:  (1}  fine-grain,  sarfaos 
ground  .202U-T86,  (2)  coarse-graln,  anodized  202U-T66,  and  coarse-grsln,  sur¬ 
face  ground  707d-T$  perhapjs,  (The  oo^se-giudn  707$  was  inadvertentljr  loaded 
to  118^  of  the  yield  strength  rather  than  intended  90$ •} 

In  ASIH  sea  water,  material  conditions  of  ZK-60A  had  increasing  life 
in  the  order:  fine-grain,  surface  film}  fine-grain,  ground;  and  coarse-grain, 
surface  film.  Althoufd:  the  coarse-grain,  ground  condition  had  the  longest 
life  of  all,  l,e*,  0.2-0*$  hr,  it  was  not  tested  under  comparable  conditions— 
a  load  of  106$  of  the  yield  strength  was  Inadverently  applied. 

A  single  magnesium  specimen  survived  the  2l|0  hr  esqitosure  to  distilled 
water.  It  was  in  the  coarse-grain,  film  condition.  Post-exposure  tensile 
testing  showed  a  95$  decrease  in  the  tensile  elongation.  The  duplicate  test 
specimen  failed  in  5.6  hr  in  an  upper  pin  hole. 

All  material  conditions  except  the  coarse-grain,  surface  film 
exhibited  loss  of  tensile  ductility  after  the  2U0  hr  exposure  In  air.  Duc¬ 
tility  losses  were  in  the  range  from  h6  to  $6$  of  the  tensile  elongation. 

Considering  17-7  PH,  the  fine-grain  material  was  less  susceptible 
to  failure  in  the  aqueous  media  than  Ihe  coarse-grain  material,  and  the 
passivated  condition  was  less  susceotlble  than  the  ground  condition  except  for 
the  coarse-grain  condition  in  sea  water.  The  ASIM  sea  water  was  the  most 
severe  medium  with  earliest  failures  occurring  in  8*2  hr  (in  the  upper  pin 
hole)  for  the  flnegraln  ground  material  and  2  min  for  the  coarse-grain, 
passivated  condition. 

All  specimens  of  the  fine-grain  B-120VCA  alloy -sur-vived  the  2U0  hr 
exposures  In  the  various  media.  There  were  no  tmequivocal  indications  of  loss 
of  ductility  in  post-exposure  tensile  tests.  Material  in  the  coarse-grain 
(as-received)  condition  was  very  susceptible  to  failure  through  the  pin  holes. 
All  three  specimens  which  failed  during  static  load  exposure  (in  A^TM  sea 
water)  fractured  through  a  pin  hole,  while  half  of  all  specimens  tensile  tested 
after  exposure  fractured  throu^  a  pin  hole.  The  theoretical  stress  concen¬ 
tration  of  the  pin  hols  was  2.1i.  *^8  applied  load  in  ths  case  of  the  fine- 

grain  material  was  only  67$  of  that  for  the  coarse-grain  material  since  after 
the  experience  with  the  coarse-grain  material  the  reduced  section  was  made 
narrower  on  the  fine-grain  specimens.  No  failures  of  B-120VCA  occurred  during 
static  load  exi^osures  in  air  or  water.  It  appears  that  B-120VCA  performs 
much  more  favorably  under  these  conditions  than  17-7  PH. 

The  effect  of  surface  contamination  on  the  behavior  of  B-120VCA 
under  static  load  in  an  environment  of  ASTH  sea  water  was  evaluated.  Contam¬ 
ination  was  effected  by  aging  in  air  at  900*F  for  UO  hr.  Various  amounts  of 
material  up  to  2  mils  were  removed  from  the  surface  by  pickling  in  3$  HF-30$ 
HN0^-5$  H2O2  aqueous  solution  at  150*F.  Two  out  of  four  as-contaminated 
specimens  failed  within  1  min  of  loading  to  90$  of  the  yield  strength.  All 
other  specimens  survived  exposures  of  2140  hr.  The  best  ductility  for  duplicate 
specimens  was  obtained  for  those  plokled  Just  to  the  point  of  removal  of  the 
surface  discoloration;  this  amounted  to  0*l5  and  0*25  mils  total  reductions  in 
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thioknesa*  The  ductlll'fy  in  thla  ease  vaatlA  faoty  euperior  to  that  of 
nateriai  aged  In  argon  atmoai^ere  and  auhaai^antly  pickled  to  rotto-ra  1  nil 
total  thloknaaa*  Thuaj  it  appeara  that  aurfaoe  contanination  la  an  important 
factor  in  the  prmathre  fallnra  of  B>120VCJl  htnaaed  in  the  pfeaSnce  Of  lalt 
aolution. 

Three  naterlala  ZK-60Aj  17>7PH>  and  B-120VGA  in  the  aa-reeeivedi 
ground  aurface  condition  were  atatioally  loaded  at  90^  of  their  reapeotive 
yield  atrengtha  In  aqpeoua  enTironnenta  of  0*6  molar  oonoentratlona  of  the 
following  aalta:  NaClt  KCly  CaCl>  NaBr^  and  Nal*  Expoaore  time a  ranged 
from  96  hr  to  17S  hr.  All  of  the  B-120VCA  epeclmena  aurvivedi  and  no  loaa 
of  mechanical  propertiea  waa  experienced  in  aubaequent  tenalle  teatlng.  With 
a  alngle  exception}  all  magnealom  alloy  apeclaena  failed  in  0*12  hr  or  leaa. 

The  excepted  apecinan  failed  in  2.3  hr  of  expoaore  in  KCl  aolution}  however} 
ita  duplicate  failed  in  0.03  hr.  The  reaaon  for  thla  ia  unknown*  Spaclmena 
of  17«7PH  expoaed  to  aolutlona  of  NaCl  and  KCl  failed  in  tinea  of  19*2  to 
^7*0  hr}  idiile  all  other  apecinens  aurvived  and  gave  no  evidence  of  damage 
in  aubaequent  tenaile  teatlng.  Attmapta  to  correlate  theae  reaulta  with  the 
eharacteriatica  of  the  electrolytea  were  unrewarding}  although  molar  conductance 
may  be  a  faotor. 

Longitudinal  weld  apeclaena  of  B-120VCA  in  the  aged  condition  ware 
tenalle  teated  in  air  and  in  ASTH  aea  water}  and  alao  atatically  loaded  in 
theae  media.  Two-thirda  of  the  apecimena  were  magnetically  atlrred  during 
welding  in  a  moatly  unauceeaaful  effort  to  refine  the  grain  aiae*  fipeeimena 
tenalle  tested  In  air  exhibited  tensile  yield  atrengthe  from  1^9} 000  ti" 

18U}000  pal  and  elongations  from  1*2  to  2»6!^»  However}  fracture  initiated  in 
the  elastic  region  of  specimens  tenalle  teated  in  ASTM  sea  water.  Specimens 
statically  loaded  in  air  at  150} 000  pal  survived  the  96  hr  exposure  and  gave 
no  evidence  of  loaa  in  mechanical  properties  upon  subsequent  tensile  testing* 
Specimens  statically  loaded  In  ASIti  sea  water  at  110}000  pai  failed  in  1  min 
or  less* 

The  behavior  of  the  welded  B>120VCA  was  In  narked  contrast  to  that 
of  the  parent  material}  but  was  similar  to  that  of  the  material  intentionally 
contaminated  during  the  aging  heat  treatment.  AlsO}  in  prior  work  a  different 
heat  of  aged  nateriai  failed  on  loading  to  the  0*2%  offset  yield  strength  In 
a  somewhat  different  environment— the  specimen  waa  wetted  by  a  wick  system  fed 
by  a  10%  aqueous  solution  of  ASTH  sea  salt.  Care  was  taken  to  keep  ^  welds 
free  of  contanination  (weldnents  were  bright  and  shiny  in  appearance)}  and 
after  the  poat-weld  aging  treatment  1  mil  total  thickness  was  removed  by 
pickling.  It  ia  not  imown  whether  to  lay  this  behavior  at  the  door  of  oon- 
tanination}  or  coarse  grain  sise}  or  to  yet  another  cause  at  present 
undefined. 
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To  recapitulate  the  findings  of  this  Investigation t  i 

(1)  Quantity  of  salt  is  a  factor  in  the  elevated  temperature  chloride( 
salt  stress  corrosion  of  the  titanium  ^oys  B-ISQ7Cli  and  l!l>£iAl«U7*  The 
former  alloy  was  exposed  at  600*F  and  the  latter  at  800 under  stresses  to  ' 
produce  approximately  0,2%  creep  deformation  in  190  hr.  Anodized  films  were 
of  no  benefit  to  the  Ti>6iQ.>UV  allqy}  and  were  of  limited  benefit  to  B-120VCAt 

(2)  Tensile  properties  of  the  aluminum  alloys  202li-T66  and  707^T6 
were  not  significantly  changed  for  tests  conducted  in  media  of  water  or  ASIM 
sea  water  at  temperatures  of  32*,  76*,  and  212*F. 

(3)  Tensile  properties  of  ZK-60A  were  markedly  influenced  by  the  test 
media:  .  water  and  ASTM  sea  water,  apparently  reflecting  a  competition  between 
plastic  straining  and  stress-corrosion  cracking. 

(U)  Tensile  properties  of  17-7  PH  at  room  temperature  were  not 
significantly  different  for  tests  In  media  of  air,  water,  and  ASTH  sea  water* 
There  was  a  trend  towards  lower  tensile  elongation  with  increasing  temperature 
of  the  aqueous  media. 

{$)  The  B-120VCA  alloy  exhibited  decreasing  tensile  elongation  at 
room  temperature  for  the  various  test  media  in  the  order:  air,  water,  and 
ASIM  sea  water.  Also  tensile  elongation  Increased  gradually  with  Increasing 
temperature  of  the  aqueous  media. 

(6)  Considering  the  test  materials  in  the  as-received  microstructural 
condition,  exposures  in  air  under  loads  of  90^  of  the  tensile  yield  strength 
for  21:0  hr  were  not  detrimental  to  tensile  properties. 

The  same  conditions  except  for  water  as  the  test  environment  were 
detrimental  to  ZK-60A  and,  apparently,  to  17-7  PH.  Surface- ground  specimens 
of  ZK-60A  exhibited  an  order  of  majpiitude  longer  life  than  chronated  specimens. 
The  single  specimen  of  17-7  PH  which  failed  during  the  exposure  was  a  surface- 
ground  one* 

The  ASM  sea  water  environment,  static  load  tests  resulted  in  damage 
to  the  following  material  conditions:  202U-T86  surface- ground;  ZK-60A  surface- 
grovmd,  and  chromated;  17-7  PH  surface- ground,  and  passivated;  and  B-120VCA 
surface- ground,  and  anodized. 

The  effect  on  B-120VCA  was  aggravated  by  the  notch- sensitivity  of  this 
material  in  the  high-strength  condition.  The  three  (of  four)  test  specimens 
which  failed  prematurely  fractured  through  a  pin  hole.  Similarly,  a  number  of 
these  specimens  failed  through  the  pin  hole  in  tensile  tests. 

(7)  Under  the  conditions  of  this  investigation  B-120VCA  was  more 
resistant  to  deterioration  of  tensile  properties  aj:d  to  failure  than  17'7  PH. 
However,  weldments  of  B-120VCA  tensile  tested  in  ASM  sea  water  failed  in  the 
elastic  region.  Weldments  of  17'-?  PH  were  not  evaluated. 


li: 


(0)  Surface  cont.amlnation  of  B-1207CA  due  to  exposwe  to  the  atmoaphere 
during  aging  at  900*  F  was  damaging  to  tensile  properties  in  sea  water  envirc^- 
ment.  It  appears  that  properties  are  best  restored  by  pickling  off  the  least 
amount  of  material  necessary  to  effect  removal  of  the  contaminated  layers* 

view  of  the  limited  testing  for  each  set  of  conditions  these  findings 
should  be  regarded  as  tentative* 
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TABM  3 


POST-EPOSPRE  TEWSnE  PROfERTIBS  OP  Ti-6U-UV  SFBCIMBH3 
STRESS  CORROSION  TESTED  AT  600*F  IW  PRESENCE  OF  ASIM  SEA  SfeLT 


Spec. 

No. 

Oxide  Film 
Thieknassi 
Microin. 

Salt 
Conen. , 
g/in.2 

0,2% 

Offset 

Yield 

Strength, 

kei 

• 

UTS, 

kei 

Elonga, 
(In  2  in.) 
% 

No.  of 
Cracks 
in 

Fracture 

Surface 

Max.  Depth 
of  Stress 
Corrosion 
Penetration, 
in. 

Cl 

None 

None 

136 

lUO 

U.l) 

0 

1 

2 

« 

13U 

IbO 

U.2 

— 

2 

2 

* 

136 

lUL 

13.1 

3 

8 

* 

136 

11)1 

12.0 

"mm 

U 

8 

* 

135 

lliO 

15.5 

— 

8 

None 

135 

138 

9.6 

C7 

None 

0.0002 

136 

11)2 

10.6 

0 

C8 

Nona 

0.0002 

136 

11)2 

11.0 

0 

C5 

None 

0.002 

137 

iia 

n.5 

0 

C6 

None 

0.002 

139 

11)3 

10.2 

0 

C3 

None 

0.02 

137 

11)2 

9.7 

a 

CU 

None 

0.02 

132 

136 

5.6 

a 

C13 

2 

0.0002 

138 

11)3 

10.8 

0 

Cllt 

2 

0.0002 

liil 

11)5 

10.9 

0 

CU 

2 

0.002 

135 

11)3. 

10.6 

0 

C12 

2 

0,002 

135 

11)0 

11,0 

0 

C9 

2 

0.02 

13li 

138 

9.7 

1 

0.006 

CIO 

2 

0.02 

132 

136 

U.9 

3 

0.007 

C19 

8 

0.0002 

137 

11)3 

11.3 

0 

C20 

8 

0.0002 

139 

11)3 

11.1) 

0 

C17 

8 

0.002 

lli2 

11)3 

10.1) 

0 

Cl8 

8 

0.002 

136 

lU) 

7.2 

1 

0.006 

C15 

8 

0.02 

138 

11)2 

5.5 

1 

0.007 

C16 

8 

0.02 

139 

11)3 

5.5 

1) 

0.007 

*  Not  exposed  to  elerated  temperature  stress  corrosion 

*  Not  deteminable  at  X30 
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TABIE  U 


POST-mOSURE  TENSILE  PROPERTIE.S  OF  B-120VCA  SPECIMEltS 
STRESS  CORROSION  TESTED  AT  600*F  IH  THE  PRESENCE  OP  ASIM  SEA  SALT 


0.2^ 

Offset 


Spec. 

Ho. 

Oxide  Flln 
ThlcknesSf 
Hleroln. 

Salt 

Conon., 

g/in.^ 

Yield 

Strength, 

ksl 

UTS, 

ksl 

ELong., 
(in  2  in.) 

% 

Base  properties  of  unexposed  speeinens* 

191 

208 

3.2 

Cl 

None 

None 

lii2 

186 

1.3* 

C2 

8 

None 

196 

206 

3.5 

C13 

None 

0.0002 

198 

205 

2.0 

ciU 

None 

0.0002 

3.3 

c5 

None 

0.002 

196 

197 

1.1 

C12 

None 

0.002 

170 

170 

O.I4 

C3 

None 

0.02 

196 

196 

o.U 

cU 

None 

0.02 

192 

197 

0.6 

CIO 

2 

0.0002 

195 

201 

2.0 

Cll 

2 

0.0002 

201 

210 

3.7 

C8 

2 

0.002 

205 

211i 

2.8^ 

C9 

2 

0.002 

1U5 

160 

0.2* 

C6 

2 

0.02 

185 

189 

1.1 

C7 

2 

0.02 

192 

197 

1.1 

C19 

8 

0.0002 

186 

190 

1.5 

C20 

8 

0.0002 

200 

209 

U.2 

C17 

8 

0.002 

193 

193 

o.U 

Cl8 

8 

0.002 

186 

195 

1.3 

C15 

8 

0.02 

195 

201 

1.3 

C16 

8 

0.02 

191 

198 

O.U 

Average  for  2  speeinens 


Fractured  through  pin  hole 
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TABU  S 

misns  PROPERTIES  or  PIMB-ORAINBD  20gU-T86  AMMIMPM  ALLOT 


0 


IS  TARIODS  MEDIA 


Test  Madliim 

Teat 

Taapi 

•P 

%)eo. 

No. 

Yield  Strength 
(0.2%  Offaet), 
kel 

Ultlnate  Tensile 
Strength* 
ksi 

Elong.* 
(in  2  in.) 
% 

Oround  Surface 

Air 

75 

13 

71.7 

77.1 

14.  l4 

Ih 

73.2 

714.7 

U.3 

Water 

32 

17 

71.3 

73.7 

U.I4 

18 

69.6 

7U.3 

I4.0 

75 

15 

73.5 

76.2 

I4.0 

16 

71.9 

714.3 

3.9 

210 

19 

68.5 

70.5 

3.7 

20 

67.5 

69.0 

I4.7 

ASm  Sea  Water 

32 

23 

75.3 

78.0 

lu2 

2U 

75.1 

77.8 

I4.2 

75 

21 

73.5 

76.1 

3.9 

22 

73.8 

76.6 

14.2 

210 

25 

69.2 

70.7 

14.5 

26 

66.0 

70.6 

14.U 

Filmed  Surface 

Air 

75 

31 

71.6 

75.8 

3.9 

32 

71.5 

75.2 

3.5 

Water 

32 

35 

73.7 

77.U 

3.U 

36 

7U.9 

78.1 

3.7 

75 

33 

72.5 

75.5 

14.2 

3U 

69.U 

76.0 

3.7 

210 

37 

67.9 

69.2 

I4.7 

38 

65.9 

70.1 

I4.I4 

ASm  Sea  Water 

32 

la 

72.7 

76.14 

3.9 

li2 

67.6 

78.1 

3.9 

75 

39 

73.0 

76.1 

I4.5 

ko 

72.1 

75.7 

I4.2 

210 

h3 

67.2 

69.2 

3.0 

hU 

67.9 

69.5 

I4.5 

20 


I 


1 


t 


TAHLB  6 


TMSILB  PRQPgglBS  OP  COABSB-QBAIHBa]  2Q2hJf86  AIBHraOM  AILOT 

IH  VARIOUS  MBDU 


Twt  MedLuB 

Teat 

Teap, 

•F 

Speo. 

No. 

Yield  Strength 
(0.2i^  Qffaet), 
ksi 

Ultiaate  Tenaile 
Strength* 
ksi 

Elong.* 
(in  2  in.) 
% 

Qround  Surface 

Air 

75 

83 

66.9 

69.3 

3.2 

81i 

63.8 

70.1 

5.0 

Water 

32 

91 

67.9 

70.8 

5.0 

92 

68.U 

70.6 

l*.l* 

75 

89 

67.2 

70.0 

1*.7 

90 

56.9 

61*.0 

3.0 

210 

93 

6li.l 

66.1 

3.1* 

9U 

63.8 

66.1* 

l*.l* 

ASTM  Sea  Water 

32 

97 

68.9 

72.0 

b.9 

98 

67.6 

72.0 

3.5 

75 

95 

68.2 

70.1* 

3.7 

96 

67.8 

69.7 

3.0 

210 

99 

62.6 

65.9 

li.5 

100 

60.3 

61*.? 

1*.2 

Filned  Surface 

Air 

75 

101 

67.8 

70.8 

U.9 

102 

66  .U 

71.1* 

U.2 

Water 

32 

109 

70.3 

73.6 

l*.l* 

110 

69.7 

7l*.8 

i*.o 

75 

107 

— 

70.7 

l*.l* 

108 

65  .U 

68.8 

3.7 

210 

111 

62.0 

65.9 

2.5 

112 

62  .U 

65.6 

1*.0 

ASTM  Sea  Water 

32 

103 

66.U 

69.9 

2.1* 

lOU 

63.7 

72.3 

l*.l* 

75 

133 

71.7 

73.9 

1*.2 

111* 

70.7 

73.3 

3.9 

210 

105 

63.0 

67.1* 

3.7 

106 

61.1* 

67.1 

1*.2 
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TAHig  7 


fc 

i: 

f 

t 


I 


TMSILE  .WBfflES  OP  FlHg-<B8AIinB)  707S-<f6  AMKimiM  AILOT 

IN  YARIOIS  MBDIA 


{:■ 

I 

h 

J 

(- 


Test  Hediua 

Test 

•P 

Spec. 

No. 

Yield  Strength 
(0.2^  Offset) » 
ksl 

Ultimate  Tensile 
Strength , 
kai 

Blongt* 
(in  2  in.) 
% 

Qrousd  Snxrf  see 

Air 

7$ 

13 

71.6 

79.1 

9.1 

U 

72.5 

80.8 

9.0 

Water 

32 

17 

71.3 

79  .U 

8.b 

18 

67.U 

79.6 

8.6 

75 

IS 

71.9 

79.6 

7.1 

16 

71.1 

79.1 

6.7 

210 

19 

65.6 

70.2 

9.2 

20 

66.U 

69.8 

9.6 

ASTH  Sea  Water 

32 

23 

72.U 

82.7 

7.9 

2h 

7U.3 

82.7 

7.6 

75 

21 

73.1 

eo.ii 

7.7 

22 

73.2 

80.1 

7.1 

210 

25 

67.5 

70.li 

8.U 

26 

68.0 

71.1 

7.U 

Filmed  Surface 

Air 

75 

31 

70.6 

77.9 

7.1 

32 

65.1 

75.2 

7.1 

Water 

32 

35 

73.6 

82.0 

8.6 

36 

73.1 

81.9 

7.7 

75 

3? 

71.5 

80.6 

7.9 

3U 

70.7 

80.7 

8.U 

210 

37 

60.5 

72.1 

8.2 

38 

67.6 

72.5 

9.2 

ASTH  Sea  Water 

32 

hi 

75.2 

82.8 

7.U 

h2 

72.8 

82.1 

8.1 

75 

39 

72.2 

81.9 

7.2 

llO 

70.9 

81.7 

7.U 

I»3 

66.8 

71.1 

9.2 

hh 

65.7 

70.3 

10. U 

I 
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TABLE  8 


T3WSILE  FROPBRTIES  CP  OOiOBB^RAIHED  707S-T6  AEOMtlTOM  ALLOT 

m  7tsicm  'mifi 


Test  Medium 

Test 

Tenp, 

•P 

Spec. 

No. 

Yield  Strength 
(0.2iJ  Offset), 
ksi 

Ultimate  Tensile 
Strength, 
ksi 

Slong., 
(in  2  in. ) 
% 

Qround  Surface 

Air 

75 

83 

62.5 

77.6 

10.9 

8U 

63.8 

77.3 

11.9 

Water 

32 

91 

63.5 

78.8 

31.6 

92 

67.2 

77.U 

10.9 

75 

89 

61.2 

lh.9 

10.9 

90 

63.3 

76.5 

11.3 

210 

93 

62.7 

70.0 

12.8 

9U 

61.2 

69.9 

33.1 

ASTH  Sea  Water 

32 

97 

68.6 

78.6 

10.6 

98 

67.8 

79.U 

11.6 

75 

95 

61(.9 

77.7 

11.9 

96 

65.0 

77.5 

10.9 

210 

99 

62.1 

69.0 

10.1 

100 

62.8 

68.6 

5.7 

Filmed  Surface 

Air 

75 

101 

6k.O 

77.1 

10.1 

102 

6U.1 

76.8 

30.9 

Water 

32 

109 

68.8 

81,0 

31.6 

UO 

69.6 

80.6 

11.7 

75 

107 

65.5 

76.3 

11.1 

108 

6ii.9 

76.6 

U.3 

210 

85 

61i.O 

71.0 

11.3 

111 

59.3 

68.6 

10.6 

ASTH  Sea  Water 

32 

103 

69.li 

80.6 

11.6 

lOli 

71.3 

81.U 

11.6 

75 

105 

69.0 

80.6 

11.3 

106 

68.2 

79,7 

10.7 

210 

86 

63.2 

70,9 

7.9 

87 

63.6 

70.8 

8.2 

I 
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TABLE  9 


TEWSILB  PROPERTIES  OP  FINB-QRADIED  2K-60A  Tg  MAQNESIOM  ALLOT 

IN  VARIOUS  MEDIA 


Test  Medium 

Test 

Tempt 

•F 

Spec* 

No. 

Tield  Strength 
(0*2^  Offset), 
ksl 

Dltiaate  Tensile 
Strength 
ksi 

Elong*; 
(in  2  in, 

% 

Ground  Surface 

Air 

75 

13 

ltO.8 

I4S.I4 

8.2 

lU 

38.  L 

146*3 

9.5 

Water 

32 

17 

iiO.O 

U7.6 

5.0 

18 

li2*6 

149*9 

5.5 

75 

15 

36.  U 

li6*l 

5.U 

16 

39*2 

146*0 

6.5 

210 

19 

28*5 

33*0 

28.0C 

20 

28*0 

33.0 

30.0c 

ASTH  Sea  Water 

32 

23 

U3.0 

146.U 

3.08 

2U 

35.8 

146*6 

2.U»b 

75 

21 

la.o 

li3*6 

2*0« 

22 

Lo.li 

I42.6 

2.7® 

210 

25 

27*6 

33.5 

26 

27.  U 

33.1 

e.?!* 

Filmed  Surface 

Air 

75 

31 

39*8 

U7.8 

9.1 

32 

li2,7 

50.3 

6.2 

Water 

32 

35 

I4O.6 

50.3 

5.0 

36 

ii5.1 

53.2 

U.0 

75 

33 

32.3 

147.2 

7.1 

3U 

140*2 

146*6 

6.6 

210 

37 

25.5 

32*3 

I4O.OC 

38 

27.7 

32.3 

32,0® 

ASTM  Sea  Water 

32 

la 

30*2 

UU.! 

3.55 

W 

3l(.2 

148*9 

3.9^ 

75 

39 

lA.U 

142*8 

2.9® 

liO 

140*9 

U3.6 

2.7® 

210 

13 

28.6 

32.8 

8*U® 

hh 

26.2 

33*0 

7.3* 

*  -  Fracture  at  pin  hole*  b  -  Snail  oracke  near  fracture* 

a  -  Deep  eraeke  near  fracture*  o  -  Cracks  throughout  section  exposed  to 

aedlum* 


2U 


■i  "nil  ‘  •  I  I'Bfillf '!(j^ 
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TESSm  PROPERTIES  OF  GOARS8-OR41NED  ZK~60A  HAONSSIOM  mm 


0 

IN  VARIOUS  MEDIA 

Test  Medlvin 

Teat 

Tamp, 

•P 

Sipeo, 

No. 

Yield  Strength 
(0.2^  Offset), 
ksi 

Ultimate  Tensile 
Strength, 
ksi 

£long«f 
(in  2  in.) 

Ground  Surface 

Air 

75 

83 

3U.8 

Ui.7 

5.7 

8U 

32.8 

I1U.6 

7.7 

Water 

32 

91 

36.6 

U7.2 

7.1 

92 

37.5 

li5.6 

1.8 

75 

89 

36.3 

ilh.2 

6.1 

90 

37.0 

U;.6 

5.1* 

210 

93 

28.8 

32.0 

ll*.8» 

9U 

25.8 

29.6 

20.1» 

ASIM  Sea  Water 

32 

97 

l*P*2 

lih.l 

1.8 

98 

ia.7 

15.2 

2.3 

75 

95 

37.5 

ia.9 

2.0 

96 

ItO.lt 

la.  3 

2.0 

210 

99 

26.8 

30.6 

5.U 

100 

26.7 

29.9 

6.9 

Flljned  Surface 

Air 

75 

101 

I1O.9 

1*5.7 

6.2 

102 

h2.8 

1*5.9 

5.2 

Water 

32 

109 

l4l*.0 

1*8.9 

5.9 

110 

1*8.6 

5.U 

75 

107 

ia.8 

1*5.2 

5.9 

108 

39.8 

1*6.8 

6.2 

210 

111 

28.  li 

32.1 

19.2 

112 

29.6 

33.3 

19.8 

ASIM  Sea  Water 

32 

115 

h3.1 

1*7.8 

1.7 

116 

ia.2 

1*6.5 

1.7 

75 

U3 

38.2 

la.  8 

2.7 

llU 

U0.9 

1<3.U 

1.8 

210 

117 

27.U 

33.0 

5.2 

118 

23.7 

31.9 

8.1 

a  •>  Cracks  tbrou^oct  section  exposed  to  nedium. 


I 


u 


{ 
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TABLE  U 


TESSIIB  PROPERTIES  07  FISE-ORAIMBD  1.7-7PH  RH  9$0  STAItTEESS  STEEL 

IN  VARlpqS  MTOIA 


Test  Medium 

Test 

Tanpf 

•F 

Spec. 

Mo. 

Yield  Strength 
<0.25  Offset), 
ksl 

Ultimate  Tensile 
Strength, 
ksl 

Elong*, 
(in  2  in.) 
% 

Ground  Surface 

Air 

75 

16 

208 

212 

U.l 

Water 

32 

5U 

209 

213 

ii.U 

18 

201 

206 

1.7 

75 

52 

203 

216 

U.U 

53 

21U 

221 

3.2 

23JD 

19 

182 

202 

3.U 

20 

188 

197 

1.9 

ASTM  Sea  Water 

32 

23 

211 

222 

8.7 

2h 

212 

218 

14.8 

75 

21 

212 

215 

3.1 

22 

209 

2U 

3.U 

210 

25 

185 

202 

2.1 

26 

187 

203 

3.U 

Filmed  Surface 

Air 

75 

31 

20U 

213 

a.i 

32 

19l» 

211 

3.8 

Water 

32 

35 

207 

3.1 

36 

195 

221 

5.1 

75 

33 

201 

2U 

5.6 

3lt 

209 

219 

5.0 

210 

37 

19U 

202 

1.7 

38 

180 

202 

14.3 

ASTK  Sea  Water 

32 

Ul 

220 

221 

U.l 

k2 

212 

220 

7.3 

75 

39 

209 

21ii 

3.8 

Uo 

202 

210 

U.I4 

210 

U3 

180 

201 

3.2 

Ub 

196 

201 

1.0 

26 
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TABLB  12 

TaeiLB  PBOPBOTIBS  OF  COiRSB-OElAIllg)  17«7PH  EB  9S0  STAINLESS  STBEL 

IH  VARIOUS  MEDIA 


Test  Medium 

Teat 

Teiqjj 

•F 

Spec. 

No. 

Yield  Strength 
(0.2^  Of feet), 
kal 

Oltlnate  Tensile 
Strength) 
kel 

Elong*, 
(in  2  in. 
% 

Qroviad  Surface 

Mr 

75 

83 

178 

181 

1.3 

8U 

172 

177 

1.3 

Water 

32 

91 

180 

188 

0.9 

92 

166 

182 

0.7 

75 

89 

176 

178 

0.7 

90 

mo 

Ul 

0.h 

210 

93 

ee« 

113 

0.2 

9l» 

106 

107 

0.0* 

ASTM  Sea  Water 

32 

97 

170 

177 

0.5 

98 

179 

182 

0.7 

75 

95 

168 

168 

o.U 

96 

175 

175 

o.U 

210 

99 

m 

113 

0.2 

100 

109 

112 

0.2 

Filmed  Surface 

Mr 

75 

101 

172 

176 

1.1 

102 

181 

183 

0.9 

Water 

32 

109 

179 

181 

0,7 

no 

172 

17U 

0.5 

75 

107 

181 

182 

0.7 

108 

158 

181 

0.7^ 

ZIO 

111 

vem 

98 

0,0* 

112 

109 

no 

O.U 

ASTM  Sea  Water 

32 

103 

m 

183 

0.7 

lOlt 

167 

170 

O.U 

75 

87 

180 

180 

0.U 

88 

177 

177 

O.U 

210 

305 

112 

113 

0.2 

106 

im 

lU 

0.2 

Fractturad  at  pin  hols. 
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TABUB  13 


TBfSng  PROPERTIES  OF  FIHB-QRAINED  B-120Y0A  TITASIPM  AU^OT 

IN  VABIOaS  HBDIA 


Test  Medium 

Test 

Tempi 

•P 

Spec. 

No* 

Held  Strength 
(0.^  Offset), 
ksi 

nitinate  TensHe 
Strength, 
ksi 

Elong., 
(in  2  in.) 
% 

Ground  Surface 

Air 

75 

•  83 

173 

192 

1*.6 

8U 

183 

199 

6.6 

Water 

32 

91 

198 

215 

3.9 

92 

179 

195 

3.ii 

75 

89 

176 

193 

1«.8 

90 

169 

192 

)**i* 

210 

93 

161 

187 

U.8 

9U 

172 

192 

5.5 

ASIH  Sea  Water 

32 

97 

187 

198 

3.3 

98 

391* 

210 

5.8 

75 

95 

186 

205 

5.9 

96 

201 

210 

2.0 

210 

99 

171* 

198 

6.1* 

100 

161* 

185 

6.1* 

Filmed  Surface 

Air 

75 

101 

175 

169 

5.3 

102 

180 

196 

5.5 

Water 

32 

109 

196 

208 

1*.3 

110 

190 

2.5 

75 

107 

175 

166 

3.5 

108 

18U 

198 

U.6 

210 

111 

157 

177 

1*.6 

112 

160 

183 

6.1 

ASTM  Sea  Water 

32 

116 

192 

200 

2.1* 

75 

113 

180 

195 

3.5 

111* 

191 

206 

a.  2 

210 

117 

180 

199 

lua 

118 

176 

19U 

3.7 

TAHIB  Ih 

TEWSme  PROPERTIES  OP  COAR^HAPtBlD  S«t20VCIA  TITAMIOM  ALLOT 
IN  VARIOUS  MEDIA 


Test  Medium 

Test 

Teop, 

•P 

Speo. 

Mo. 

Held  Strength 
(0.2J^  Offset), 
ksl 

Ultimate  Tensile  Elong.^ 
Strength,  (in  2  in* 
ksi  % 

Ground  Surface 

Air 

75 

13 

19U 

210 

3.5 

U 

188 

206 

2.9 

Water 

32 

17 

193 

203 

3.2* 

18 

185 

199 

2.2 

75 

15 

187 

201* 

3.1* 

16 

175 

181* 

210 

19 

171 

191 

5.1 

20 

170 

188 

U.l 

ASTH  Sea  Water 

32 

23 

19li 

200 

0.2* 

2l( 

19li 

202 

1.7 

75 

21 

19U 

207 

2.9„ 

22 

190 

199 

1.0* 

210 

25 

165 

185 

U.l* 

26 

161 

180 

U.l 

Filmed  Surface 

Air 

75 

31 

183 

199 

U.1 

32 

169 

189 

U.3 

Water 

32 

35 

191* 

205 

2.1 

36 

189 

202 

2.2 

75 

33 

181* 

196 

2.6 

3l» 

21*0 

2U0 

0.0* 

210 

37 

151 

189 

5.1 

38 

153 

191 

U.8 

ASTK  Sea  Water 

32 

Ul 

161 

161 

0.0* 

U2 

166 

199 

1.2 

75 

39 

182 

190 

0.9* 

UO 

186 

195 

2.1 

U3 

U*9 

150 

0.0* 

UU 

168 

168 

3.U 

Fraetared  throus^  pin  hole. 
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TABLE  1$ 

PQST"BnPOSimE  T»SILB  PROPERTIES 
OF  yiWE-QRAINBD  20gU»T66.-  AHWmPtf  ALLOT  SP^IMBMS 
WHICH  aiRVlVED  SOSTAIMED  LOAD  TEST 


71 eld  Strength  Ultinate  Tensile  glong.) 
Exposure  Mediwa  Spec.  (0.2^  Offset) f  Strength^  fin  2  In*) 

(Load  90$  Y5,  2U0  hr)  Ho,  ksi  ksl  % 


ground  Surface 


No  exposure* 

72.U 

75.9 

U.li 

Air 

1 

73.6 

76.2 

h.lt 

h 

73.2 

75.9 

3.8 

Water 

2 

71.6 

7l».6 

3.U 

$ 

69.6 

7ll.7 

3.1* 

ASTM  Sea  Water 

3 

?l».l 

75.6 

1.8 

6 

71.2 

72.0 

0 

Filmed 

Surface 

No  eiqiosure* 

71.6 

75.5 

3.7 

Air 

7 

72.9 

76.0 

6 

71.2 

76.U 

3.1»* 

Water 

9 

75.1 

77.1 

i*.2 

10 

72.5 

75.2 

U.O 

ASTM  Sea  Water 

11 

72.9 

75.3 

3.5 

12 

73.2 

75.9 

3.1; 

Average  for  two  speclnens. 
*  Fractured  at  pin  hole. 
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TABLE  16 


f 

s 


il 


POST-BUPQSPRB  TBWSILB  PROPBRTIES 
OF  COARSE  ORAiya)  202it"T86  AICTCITOM  ALLOY  SPBCIMESS 


WHICH 

SURVIVED  SUSTAINED  LOAD  TESTS 

Exposure  Medium 
(Load  90SS  TS«  2l(0  hr) 

Spec. 

No. 

Tleld  Strength 
(0.25<  Offset), 
ksi 

Ultimate  Tensile  Elong.f 
Strength,  (in  2  in. 

ksi  ’f‘ 

Ground  Surface 

No  exposure* 

65.14 

69.7 

I4.O 

Air 

85 

67.7 

72.0 

I4.O 

86 

69.5 

72.5 

14.2 

Water 

87 

70.1 

73.1 

I4.2 

88 

67.7 

72.5 

2.7 

ASTM  Sea  Water 

117 

68.3 

71.9 

I4.O 

Filmed  Surface 

# 

Ko  exposure 

67.1 

71.1 

I4.5 

Air 

77 

65.9 

71.9 

3.0 

78 

69.9 

72.1 

3.5 

Water 

79 

70.7 

73.0 

1.6 

80 

70.2 

72,li 

3.9 

ASTM  Sea  Water 

81 

67.0 

71.9 

2.1 

82 

69.0 

71.0 

1.8 

Average  for  two  epeclatens. 
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POST-BPOSORB  TTOSIH  PBOPBTIBS 

(F  Fare  oilijwg)  7075-^6  jaairii@  spiec 

WHICB  spRyiya)  sqsTAiwBD  ix)ad  tbts 


SipoBttre  Kodliui 
(Load  909^  ISj  2k0  hr) 

Spec 

Ho. 

Ti^  Strength 
.  {0,2%  Offset), 

ksl 

Ultiaate  Tensile 
Strength 
ksl 

Blong., 
(In  2  in. 

% 

Mo  exposora* 

Ground  Surface 

72.0 

80.0 

9.0 

Air 

1 

73.6 

79.0 

8.6 

u 

71.7 

78.2 

7.0 

Water 

2 

73.0 

79.8 

8.0 

5 

73  .li 

79.8 

6.7 

iSTM  Sea  Water 

3 

72.8 

79.5 

8.0 

6 

72.8 

79.3 

9.0 

»  * 

Ho  eiposare 

FllJaed  Surface 

67.8 

78.8 

7.1 

Air 

7 

71.3 

79.5 

7.1 

8 

70.8 

78.2 

7.U 

Water 

9 

72.6 

79. U 

8.1 

10 

72.2 

79.7 

6.7 

ASTM  Sea  Water 

11 

73.7 

80.0 

7.1 

12 

73.3 

80.0 

7.9 

Averags  for  tvo  opeolaotis. 


TABLB18 


poai^ggosinus  tpbilb  PR0Pi«ris 
or  ooARSB-QRmm  7Q7S"T6  AiaMtMtiM  mm  spmzms. 
wfioH  soRyiyffl  s^Aiwifla)  tbis 


&Q)OBara  Medium 
(load  uaK  IS,  2UO  hr) 

Spec. 

Mo. 

Tiald  Strength 
(0.2!(  Offaet), 
tel 

tJltlnata  Tanslla 
Strength, 
tel 

EXong., 
(la  2  In.) 

Qrottnd  Surface 


»  * 

No  axpoBure 

63.2 

77.U 

11.6 

Air 

71 

72.7 

80.2 

10.2 

72 

71.0 

79.8 

10.2 

Water 

73 

71.9 

80.3 

11.1 

7l» 

72.6 

79.7 

10.6 

iSTM  Sea  Water 

75 

72.1 

79, P 

10.U 

76 

69.8 

77.2 

U.7 

Filmed 

Surface 

No  ensure* 

6U.0 

77.1 

10.U 

Air 

77 

72.8 

79.6 

8.1 

78 

72.6 

80.0 

10.2 

Water 

79 

70.5 

79.9 

10.6 

60 

71.5 

80.1 

10.7 

ASTM  Sea  Water^ 

81 

69.3 

79.1 

10.6 

82 

72.9 

79.6 

10.9 

ATeraga  for  two  Bpaolmena. 
*  7l9ld  Btrangbh. 
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TABIJ!  1? 


POST-BCPOSDRE  TEHSIIB  PROPERTIES 
OP  PINK  ORAima)  ZK-60A  MAONBSIPM  ALLOY  SPECIMENS 
WHICH  SURVIVED  SJSTAINED  LOAD  TESTS 


Held 


Expoeure  Medium 
(Load  90%  YS, 

2liO  hr 

Spec. 

Ho. 

Strength 

(0,2% 

Offset)} 

ksi 

Ultimate 

Teneile 

Strength, 

ksi 

Blong., 
On  2  In,) 

% 

Palled  During  Exposure 
time, 

hr  Location 

Ground  Surface 

No  exposure'*' 

39.6 

liS.li 

8.8 

Air 

1 

36.1 

U5.8 

^.7 

6 

li6.0 

U9.2 

3.1* 

Water 

2 

ea.. 

10.7 

Base  of  cup 

5 

— — 

— 

2a.  1* 

Diterface 

ASH!  Sea  Water 

3 

0.1* 

Pin  hole 

U 

«... 

<0.1 

Interface 

Filmed  Surface 

No  exposure'* 

ia.2 

U9.0 

7.7 

Air 

9 

16.5 

U9.2 

2.0 

10 

1*5.  U 

ItS.U 

5.2 

Water 

7 

2.0 

Oage  length 

6 

— - 

0.2 

Gage  length 

ASm  Sea  Water 

11 

0.02 

Ihterface 

12 

0.02 

Oage  length 

*  Awrage  for  two  apeeinens. 
Fractured  at  pin  hole. 


3lt 


I 


TABI£  20 


POST-EgQSOHB  TEMSIIE  PROPERTIES 
OF  COARSB~ORAINED  ZK-6OA  MAQNE3I0M  ALLOY  8PB0IMEWS 
WHICH  SURVIVBD  SUSTAINED  LOAD  TESTS 


Ex^waure  Medium 
(2li0  hr) 

Spec. 

No. 

Yield 

Strength 

(0.258 

Offset), 

ksi 

Ultimate 

Tensile 

Strength, 

ksl 

Elong., 
(in  2  in.) 

% 

Failed  During  Exposure 
Time, 

hr  Location 

around  Surface  (Load  IO658  IS) 

Ho  exposure* 

33.8 

Uu6 

6.7 

Air 

72 

li6.7 

li6.7 

2.8 

Water 

73 

••••• 

27.2 

1/U  in.  above 

interface 

7U 

— — 

— 

27.1 

Ihterface 

AS1M  Sea  Water 

75 

0.5 

Bottom  pin  hole 

76 

— — 

— - 

— 

0.27 

Cage  length 

Filmed  Surface  (Load  90%  YS) 

No  exposure* 

I4I.8 

U5.8 

5.7 

Air 

77 

hl.l 

U6.5 

5.9 

78 

36.6 

U7.1 

6.2 

Water 

79 

39.6 

Ui.7 

0.3* 

80 

— — 

5.6 

Upper  pin  hole 

ASTM  Sea  Water 

81 

0.2 

Top  fillet 

82 

0.2 

Interface 

Average  for  teo  specinene* 


*  Fractured  at  pin  hole. 

Hotel  Pin  holee  of  filmed  epeclmens  vere  too  anall  and  were  opened  up  after 
application  of  ehronate  coating.  Therefore,  mirfaoee  of  pin  holes  were 
not  chronated,  « 


I 
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TABLB  21 


POST-EXPOSORE  TESSnJ  PROPERTIES 
OP  FINE-ORAINBD  17-7PH  STAIRLESS  STEEL  SPECIMEHS 
WHICH  SPRVIVED  SaSTAlMED  LQiD  TESTS 


Bxposnra  Madlm 
(Load  90li  TS, 
2lt0  hr) 

Spec. 

No. 

Yield 

Strength 

(0.23t 

Offset), 

kei 

nitlnate 

Tensile 

Strength, 

kel 

Elong,, 
(in  2  in*} 
% 

Failed  During  Exposure 
Tim, 

hr  Location 

Ground  Surface 

No  axpoaure*' 

208 

212 

li.l 

Air 

h 

161* 

21$ 

3.6 

5 

210 

217 

5.0 

Water 

6 

««« 

.•.a. 

19.7 

Ihtax^aoe 

7 

213 

216 

!*.!* 

ASm  Hea  Water 

8 

Maee* 

... 

16.7 

Base  of  cup 

9 

— 

8.2 

Top  pin  hole 

Pllaed  Surface 

No  exiJOBure* 

199 

212 

3.9 

Air 

10 

213 

219 

3.8 

11 

209 

213 

U.8 

Water 

12 

209 

215 

3.2 

1*9 

212 

217 

l*.l 

ASm  Sea  Water 

50 

206 

210 

3.1* 

51 

eswee 

tmmm 

26.6 

Laterface 

Arerage  for  two  specinene. 


I 
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TABLE  22 


POSr-BXPOSORE  TBB8IIB  PHOFBRTIBS 
OF  COABSB-OBAIKSD  17«»7PH  STAIMLESS  SOT.  SPEC3MBN8 
UHICH  SORTmS  SDSTAIMBD  LOAD  TESTS 


Exposure  Medium 
(Load  90!^  TS, 
ELO  hr) 

Spec* 

No* 

Yield 

Strength 

(0.2J« 

Offset)* 

ksl 

Ultimate 

Tensile 

Strength* 

ksi 

mona*.  Failed  During  Exposure 
(in  2  In.)  TOs;; 

%  hr  Location 

Ground  Surface 

No  exposure* 

175 

179 

1.3 

Air 

71 

172 

172 

0*2 

72 

1U9 

151* 

0.2 

Vater 

73 

aeeeee 

m^m 

MAM 

0.1*5 

Base  of  oup 

■ 

7U 

— 

— 

0.50 

Base  of  cup*' 

ASm  Sea  Vater 

75 

a»ee« 

... 

mtmm 

0*20 

mterfaos 

76 

— 

— 

— 

0*10 

Zhterfacs 

Fllaied  Surface 

No  exposure 

176 

180 

1*0 

Air 

77 

169 

178 

0.6 

81 

176 

18U 

0*7 

Vater 

79 

MMiee 

mm** 

MMM 

0*10 

Lower  pin  bole 

80 

— 

— 

— 

0*05 

Base  of  cup 

ASn  Sea  Vater 

78 

eeeew 

MMM 

0*05 

Top  of  gage  length 

82 

— 

— 

0*03 

Base  of  cup 

*  Average  for  two  speciaens 

*  Leak 
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TABLE  23 

POST-HIPOSPia  TBISILE  PROPEWIBS 
OF  PIKE-OBAISBD  B«lgOVCA  TITANIUM  ALLOT  SPEC IMEM 3 

WHICH  SURFIFBD  SOSTAINBD  LOAD  TESTS 


Exposure  Madlun 
(Load  90?  TS, 

2U0  hr) 

Spec. 

No. 

Yield 

Strength 

(o.g 

Offset) « 
ksi 

Bltlmate 
Tensile 
Strength y 
ksl 

Elong.f 
(in  2  in.) 

% 

No  exposure 

Ground  Surface 

178 

196 

5.6 

Air 

71 

I61i 

193 

3.8 

72 

l6l 

198 

3.9 

Water 

73 

188 

201 

5.2 

7U 

183 

198 

6.5 

ASTM  Sea  Water 

75 

3it2 

179 

1.7 

76 

178 

19)' 

li.5 

No  esqjosure 

Filmed  Surface 

178 

192 

5.1; 

Air 

77 

18U 

199 

5.1 

78 

211; 

Zlh 

1.8 

Water 

79 

181 

196 

7.1; 

80 

190 

20U 

3.9 

ASTH  Sea  Water 

81 

19U 

205 

3.0 

82 

175 

181 

3.0 

Average  for  two  apeeijnens. 


I 
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TABLE  2U 


POST-EXPOSORE  TENSILE  PROPERTIES 
OF  COARSE-GRAINED  B-120VCA  TITANIUM  ALLOT  SPECIMENS 
WHICH  SQRVIVED  S03TAINBD  LOAD  TESTS 


Exposure  Hedlun 
(Load  90%  YS, 
2ltO  hr) 

Spec. 

No. 

Yield 

Strength 

(0.2jg 

Offset), 

ksi 

Ultimate 

Tensile 

Strength, 

ksi 

Failed  During  Exposure 

(in  2  in.) 

^  hr  Location 

Ground  Surface 

Ho  exposure* 

191 

208 

3.2 

Air 

3 

193 

20U 

2.1* 

Water 

h 

193 

19h 

0.0* 

5 

191 

203 

2.1 

ASTM  Sea  Water 

6 

— 

— 

6.3 

Pin  hole** 

7 

m^m 

--  0.02 

Pin  hole 

Filmed  Surface 

No  e^oBure 

176 

19h 

i4.1 

Air 

8 

— 

120 

0.0* 

Water 

9 

189 

192 

0.0* 

10 

189 

200 

3.2 

kSrn  Sea  Water 

11 

195 

205 

3.6 

12 

55.5 

Pin  hole** 

*  ATerage  for  two  apecinena 


*  Tensile  test  fracture  throu{^  pin  bole. 
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TABLE  25 


WFECT  OP  SPRFACE  COHTAMIWATION  OF  B~120VCA  TCTANIOM  ALLOY 
ON  SOSCEPTIBlLITr  TO  STRESS-»CORROSION  CRACKISQ 


POBi*B3qposure 
Tensile  Properties* 

Surface  Removal  Elong., 

Spec.  by  Pickling}  IS}  UTS>  (in  2  in.)  Failed  Curing  Exposure 
No.  mils  ksl  ksl  %  Tine,  hr  Location 


SI 

None 

17$ 

180 

0.6 

S3 

None 

— 

- — 

— 

On  loading 

Interface 

SIO 

None 

— 

— 

— 

0.017 

Diterface 

S11+ 

None 

191 

197 

0.9 

S3.3 

o.?5» 

193 

205 

li.9 

SIU 

o.i5« 

195 

208 

I4.0 

Sii 

0.2$ 

193 

205 

3.5 

S5 

0.25 

19li 

197 

0.8 

S6 

1 

190 

193 

1.6 

37 

1 

193 

197 

1.2 

S8 

2 

186 

199 

U.9 

S9 

2 

— 

190 

0.9 

Exposure  tine  was  2li0  hr  except  liiere  indicated  to  be  otherwise. 

B3q>08ure  stress  70f  of  yield  strength  while  all  others  stressed  to  90!t  of 
yield  strength. 

*  Discoloration  only. 
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TABUS  26 


WFgCT  Of  low  SPECBS  ON  SnffiSS  CQHROSIOW  CBARifnin 
IN  AgPEOPS  MBDIUM 


Salt 

Failure 

Post-Exposure  Tensile  Properties 

Medium 

(Load  <iOjR  Yield  Strenctt ) 

of  96  hr  Survivors 

(0*6N ) 

Tine  (or; 

Location 

tS  (ksl) 

Uiong.  (In  2  in.)  (j[) 

ZK-60A 

NaCl 

0,05 

Upper  pin  hole 

a  ace 

0.05 

Upper  pin  hole 

aaa 

aaa 

KCl 

0.03 

Biterface 

a«ia 

2.3 

Base  of  cup 

a.»a 

aaa 

CsCl 

0.03 

Baee  of  cup 

aaa 

0.03 

Base  of  cup 

aaa 

aaa 

MaBr 

0.07 

Base  of  cup 

aaa 

0.08 

Loner  pin  hole 

aaa 

aaa 

NaZ 

0.07 

Upper  pin  hole 

aaa 

aaa 

0.12 

Upper  pin  hole 

— 

aaa 

— 

17-7  PH  RH  950 

NaCl 

Base  of  cup 

aaa 

... 

2U.2 

Base  of  cup 

aaa 

KCl 

57.0 

Top  fillet 

aaa 

... 

19.2 

Loner  pin  hole 

a  .a 

mmm 

... 

CbCI 

NF  1U2* 

207 

219 

3.6 

HF  1142 

215 

217 

3.1 

NaBr 

NF  96 

201 

216 

14.6 

NF  96 

2114 

217 

5.1 

Nal 

NF  120 

216 

219 

U.8 

NF  120 

197 

217 

5.8 

B-1207CA 

NaCl 

NF  175 

195 

206 

3.3 

NF  120 

196 

208 

I4.2 

KCl 

NF  96 

198 

211 

3.7 

NF  96 

I9I4 

207 

5.2 

CeCl 

NF  1142 

193 

203 

3.6 

NF  1U2 

190 

202 

U.1 

NaBr 

NF  96 

202 

206 

3.7 

NF  96 

193 

205 

U.5 

Nal 

NF  120 

192 

205 

li.2 

NF  120 

19U 

205 

I1.3 

♦  NF  - 

no  failure  In  the  time  giren< 

1 

■+-I 


202U-T86,  aa-received. 


Neg.  Ho,  21875  X  250 

Fig.  2 


202U-T86>  grain  coarsening  anneal  of 
900*F*30  hr-^'JQ,  cold  rolled  6i6,  aged 
375*F-8  hr-AC, 


Etchant I  20^  cone.  HF> 


Neg.  No.  21878  X  250 


Fig.  3 

7075-T6,  ae-recoived. 


20^  cone.  NNO^,  balance  glycerine. 


,v  1^.-  II 


Heg.  No.  21877 


X  250 


Fig.  U 

7075-T6>  grain  coarsening  anneal  of 
900*P-30  hr-WQ,  aged  25o*F-2li  hr-AC. 


Etchant t  Keller's 


U3 


Neg.  Mo.  2187a 

Fig.  5 


Z  250  Meg.  No.  21873  X  250 

Fig.  6 


ZK<>60A-T5>  aa-recaired.  ZK-60A,  grain  coarsening  anneal  of 

900"F-Ii  hr-WQ,  aged  275*F-a8  hr-AC. 

Etchant!  609S  ethylene  glycol,  20^  glacial 

acetic  acid,  1$  cone.  HNOi,  balance 
distilled  water. 


Meg.  No.  21872 


Fig.  7 


X  250 


17-7  PH  as-receired  plus  RH  950 
treatment!  1750*F-10  min-AC,  -100*F- 
8hp,  950*F-lhr-AC. 


r,  . 


-■  /If' 


*  •  »  w  a ^ 

t  ^  ^ 


4^* 


\  r  ■ 


■J 


/  i*--' 


V  / 


Neg.  No.  21871 


Fig.  8 


X  250 


17**7  PH,  grain  coarsening  anneal  of 
2000*?-lihr-AC,  HH  950  treatment! 
1750*F-10  min-AC,  -100*P-8hr,  950*F 
Ihr-AC. 


Etchant!  electrolytic  bath  of  55  chromic  acid 


Etchant t 


Meg.  Ho.  21869  X  250 

Fig.  9 

B-ISOVCA,  aa-recelved  plus  9CX)*F-U0hr-AC. 


Meg.  No,  21670  X  250 

Fig.  10 

B-120VCA,  grain  refinranent  treatment  of 
50^  cold  roll,  1325*P-lhr-ACj  900»P-lt8hr-AC. 

9  cono,  HFy  20^  cone.  HMO^^  balance  gpiycerine. 
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3'1ISN31  3dnSOdX3  ISOd 


h6 


Titanium  Alloy  at  800* F. 


1 


I47 


Neg.  No.  21866 


Fig.  13 


X  250 


Stchantt 


B-120VCA  speeinen  No.  C3,  stress^corrooion 
crack  due  to  expoaure  to  0.02  g/sq  In. 

ASTM  aea  salt  concentration  at  600*F  under 
lOOjOOO  pal  stress  for  190  hr. 


Neg.  N9.  21868  X  250 

Fig.  lit 

B-120VCA  specimen  No.  C6  vith  2  nicro- 
Ineh  anodised  film.  Stress-oorrosion 
cracks  due  to  exposure  to  0.02  g/sq  in. 

ASIK  sea  salt  concentration  at  600*F 
under  100,000  psl  stress  fbr  190  hr. 

20|K  oono.  HF,  20^  oono.  BNO3,  balance  g^eerine 


)iA 


Nag.  No.  21879  X  250 

Fig.  15 

Surface  of  as-reoeived  B-120VCA  ahowing 
grain  boundary  depresslone. 


Nag.  Ho.  21880  X  250 

Fig.  16 

Surface  of  grain-refined  B-120VGA  shoving 
that  grain  boundary  depressions  are  much  less 
marked  than  in  as-received  material. 
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TENSILE  ELONGATION,  PER  CENT 
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7075-T6 

SURFACE  GROUND  CONDITION 


J _ 1 _ L 

ANODIZED 


TEST 

GRAIN  SIZE 

MEDIUM 

FINE 

COARSE 

AIR 

A 

A 

WATER 

0 

• 

ASTM  SEA 
WATER 

□ 

■ 

DATA  AVERAGE.  TWOTESTS 


i  _ 

0  20  40  60  80  100  120  140  160  180  200  220 

TEMPERATURE,  *F 

Fig,  18  -  Tensile  Elongation  of  7075-T6  Aluminum  Alloy  for 
Tests  in  Various  Media. 
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0  20  40  60  80  100  120  140  160  180  200  220 

TEMPERATURE.  ‘F 


Fig.  19  -  Tensile  Elongation  of  ZK-6QA.  Magnesium  Alloy  for 
Tests  in  Various  Media. 
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I7-7PH  RH950 
SURFACE  GROUND  CONDITION 


1 


A 


i 


PASSIVATED 

\- 


A 


_L 


X 


X 


60  80  100  120  140 

TEMPERATURE.  "F 


160  180  200  220 


Fig.  EO  >  Tensile  Elongation  of  17-7PH  RH  950  Stainless  Steel 
fox  Tests  in  Various  Media. 


TENSILE  ELONGATION,  PER  CENT 


j^ig.  21  -  Tensile  Elongation  of  B-120  VGA  Titanium  Alloy  for 
Tests  in  Various  Media. 


$h 


Neg.  No,  21867 


Pig.  22 


X  2$0 


ZK-60A  chromated  specimen  tensile  tested 
In  air.  Crack  initiated  at  a  pit  produced 
'bj  the  chromating  process. 

Etchant]  60^  ethylene  ^ycol«  20^  facial  acetic  acid,  1^  cone.  HNO^, 
balance  distilled  water. 


Neg.  No,  21799  X  $00 

Fig.  23 

17'7PH,  apparently  grain  boundary  oxidation 
i&ieh  occurred  during  grain  coarsening  anneal 
of  2000*F-U  hr  In  air.  Unetcdied. 


55 


981-frE02 


If 


□  NnOdS  IN1U  QNnOUO  Mild 
S9  3Nld  SO  BStdVOO 

91- SZOZ 


Ji*****'‘*'»“  / - - -  - 

Media  of  Air,  Water,  and  ASTM  Sea  Water 


#. 


1 


i 

1 

1 

1 

— 

i 

1  ] 

— 

] 

1  1 

— 

ii 

1  1 

;  j 

— 

< 

1 

1 

; 

n 

< 

1  1  1 
#  w  <3 

QNno^io  W1U  oNnc 
S9  3Nli  so 

VO^MZ 


57 


Nog.  No.  21&61( 


Pig.  ?7 


X  2$0 


ZK-6CA  stresa-corrosion  cracks  in  fina- 
graln  chronated  specinen  ^Ich  failed  in 
ASTH  sea  vater  under  a  load  of  9C^  of  the 
yield  strength  in  about  1  tain. 

Etchant:  60fE  ethylene  glycol,  20  glacial 
acetic  acid,  lit  cone.  HNO..« 
balance  distilled  water.  ^ 


YIELD  STRENGTH 


e  to  Failure  for  Stressed  Specimens 


Neg.  Ho.  22006  X  18 

Fig.  29 

Fracturo  surfaces  of  B-120VCA  weldments  which  failed  within  1  min  of 
loading  to  110,000  psi  in  ASTM  sea  water.  Top— nomal  weld.  Middle— 
magnetically  stirred  by  300  gauss  field  under  conditions  of  polarity 
reversal  at  the  rate  of  10  eps.  Bottom— magnetically  stirred  by  250 
gauss  field  under  conditions  of  polarity  reversal  at  the  rate  of  2  cps. 
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